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PREFACE 


This Handbook introduces Level 6, Honeywell’s new minicomputer 
system. It describes every major element of this system in straightforward 
technical detail. Thus present minicomputer users and others with an 
engineering orientation will come to understand the fundamental design 
philosophy of Level 6 and on this basis will be able to make a firm personal 
evaluation of its merits. They will also become reacquainted with Honeywell 
as a minicomputer manufacturer. 

Honeywell has been a minicomputer manufacturer for 10 years. In that 
time it has marketed the products of Computer Control Company, which it 
acquired in 1966, and has developed and introduced extensions of the 
original line. Computer Control Company built one of the first 16-bit 
minicomputers, the DDP-116, in 1965. Honeywell has continued with the 
DDP-516 (1966), the DDP-416 (1967), the H316 (1969), and System 700 
(1972), establishing itself as one of the foremost manufacturers of 16-bit 
systems. 

Level 6 is a 16-bit minicomputer system founded on new concepts of 
simplicity, flexibility, and reliability. With its open-ended system archi- 
tecture, its modular, highly functional software, and its low-cost peripherals 
(including diskettes), Level 6 presages a family of machines with wide- 
ranging suitability for both end-use and OEM applications. And as a partner 
with Honeywell’s new Series 60 and a member of The Honeywell 
Information System, Level 6 enjoys the full field engineering service of one 
of the country’s major computer manufacturers. 

The heart of Level 6 is the Megabus, expandable to 23 slots — each with 
multiple device capability (diskettes, printers, card readers, communication 
controllers, etc.). Modularity has reached new levels, with implementation of 
an entire central processor or up to 32,768 words of memory on a Single 
circuit board. Indeed, a complete minisystem of five boards (central 
processor, memory, and device and communication controllers), plus power 
supply, air circulating unit, and control panel, fits into a standard drawer 5% 
inches high. 

Lying behind the advanced technology of Level 6 are not only 
Honeywell’s long experience as a producer of 16-bit machines but a design 
philosophy emphasizing the use of commercially established elements and a 
new factory system promoting error-reducing automated procedures. These 
have combined to lower manufacturing costs to the point at which Level 6 
can offer one of the most attractive cost/performance ratios on the market. 

There is much more that is newsworthy about Level 6, and this Handbook 
can only summarize key aspects. For a full account of Honeywell’s new 
minicomputer and its place in your operations, call a Honeywell Marketing 
Representative today. 
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SECTION 1 
SYSTEM SUMMARY 


Level 6 engineering is highly contemporary, 
beginning with a Megabus permitting high-speed 
asynchronous data transfer and continuing with 
MOS memory, circuit boards of unusual capa- 
bility, an extensive use of microprocessors, a large 
number of program-visible registers, a very large 
addressing capability, and an instruction set 
designed for extremely efficient programming. 
These and other aspects of Level 6 are described 
briefly in this section of the handbook and taken 
up in detail in the sections which follow. Table 
1-1 provides a summary view of Level 6 compo- 
nents. 


MODELS 


Three models are presently available: the 6/06, 
the 6/34, and the 6/36. Model 6/06 is designed 
for end users, including present users of System 
700. In addition to its Level 6 characteristics, 
Model 6/06 is compatible with System 700, 
allowing users.to operate OS/700 software and 
DMA peripherals while taking advantage of the 
large capacity of the Megabus. Model 6/06 is 
documented extensively (see the Model 6/06 
Programmer’s Reference Manual, Order No. 
AT25) and will not be treated in this handbook. 

Model 6/34 includes a central processor 
mounted in a four-slot Megabus chassis, a mem- 
ory controller with parity, and an 8192-word 
MOS Memory-Pac (module). The central proc- 
essor and maximum memory (32,768 words, in 
modules of 8192 words) each require only one 
circuit board. Up to four boards can be included 
in Model 6/34; thus after the CP and memory 
boards are plugged in, two boards are still 
available for the attachment of multiple periph- 
eral devices and/or communication lines. The 
new, extremely economical Level 6 power supply 
(including an air circulating unit), a Basic Control 
Panel, multiply/divide hardware, a realtime clock, 
and a ROM bootstrap loader are included in this 
model. All software and peripherals listed in 
Table 1-1 are available. 


SYSTEM SUMMARY 


TABLE 1-1. SUMMARY OF LEVEL 6 
COMPONENTS 
Level 6 Megabus Provides bidirectional asynchronous 
communications path between all 
boards 


Cycle Time: 300 nanoseconds 

Throughput: Up to 3 million words per 
second 

Slots: Up to four on Model 6/34; up 


to 23 on Model 6/36 
Interrupt-driven; processes bits, 
bytes, words, and multiwords; 
real-time clock; ROM bootstrap 
loader; Basic (Model 6/34) or 
Full (Model 6/36) Control Panel; 
multiply/divide hardware 
107 
Direct (to up to 64K words); 
indirect; base plus displacement; 
base plus displacement indirect; 
base plus index; base plus index 
indirect; base plus index push/ 
pop; base push/pop; program 
counter plus displacement; pro- 
gram counter plus displacement 
indirect; indexed; direct register 
operand; and immediate 
operand 
18 
64 (vectored), allowing inter- 
rupts to be set at the channel 
level 


Central Processor 


Instructions: 
Addressing 
modes: 


Registers: 
Interrupt Levels: 


Options: Watchdog Timer; Full Control 
Panel (6/34); Basic Control 
Panel (6/36, 5-slot version) 
Memory Provides up to 64K words of stor- 
age in 8K modules 
Type: 4K N-MOS 
Cycle Time: 650 nanoseconds 
Options: Memory Save and Autorestart; 


EDAC (Error Detection and 
Correction), for Model 6/36 


Multiple Device Controls up to four devices using 


Controller Device-Pacs (i.e., adapters) 
Type: Four levels of simultaneity 
Throughput: 32,500 words per second 

Mass Storage Controls up to four disk units, 
Controller with total capacity from 2.5 
million to 40 million bytes. 
Type: One data transfer operation 
concurrent with multiple seek 
operations 
Throughput: 312,500 bytes per second 
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TABLE 1-1 (cont). SUMMARY OF LEVEL 6 
COMPONENTS 


General-Purpose Provides user interface point for 


DMA Interface attachment of user-designed 
adapters 
Type: Single level of simultaneity 
Throughput: 400,000 words per second 
(memory to user device); 
500,000 words per second 
(user device to memory) 
Multiline Controls up to eight full duplex 
“Communications lines at speeds ranging up to 
Processor 72,000 bps 
Type: Programmable 
Interfaces: EIA RS232C, MIL 188C, 
Broadband CCITT V35, direct 
connect, Bell 301/303 
Throughput: Up to 160,000 bits per second 


Software (see Figure 7-1 for a complete list) 

Executive Modules 

Program Development Tools 

Input/Output Modules 

Programming Languages (Assembler, FORTRAN) 

Utility Programs 

Loaders and Simulators 

Peripherals 

Teleprinters (ASR33/KSR33) 

CRT Display (12 X 80 lines) 

Keyboard Typewriter Console (30 characters per 
second) 

Diskettes (401,016 bytes/disk, unformatted) 

Serial Printers (60 lines per minute, 132 characters 
per line) 

Line Printers (240, 300, 480, 600 lpm, 136 characters 
per line) 

Card Readers (300, 500 cards per minute, punched 
and mark-sense ) 

Cartridge Disk (up to 40 million bytes per controller) 


Model 6/36 (Figures 1-1 and 1-2) includes a 
central processor mounted in a five-slot or ten- 
slot Megabus chassis expandable to 23 slots; a full 
control panel; multiply/divide hardware; a real- 
time clock; and the ROM bootstrap loader. 
Options include a memory controller with either 
parity or EDAC! memory; 8192-word Memory- 
Pacs providing a maximum of 65,536 words, and 
all the options available with Model 6/34. The 
central processor requires one circuit board; 
maximum memory requires two boards. Up to 20 
additional boards can be attached, for controllers 
of peripheral devices and/or communication lines. 
The Level 6 power supply and air circulating unit 
are included in the assembly housing the central 


lerror’Detection and Correction. 
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processor. All software and peripherals listed in 
Table 1-1 are available with Model 6/36. 


The physical configurability of these models is 
extremely flexible, reflecting the variety of uses 
to which Level 6 can be put. The overriding 
consideration has been to provide a low-cost, 
modular, building-block system with minimal 
space and power requirements. Functional ele- 
ments plug into or attach to each other without 
difficulty, needing little time and _ skill for 
assembly, disassembly, and replacement. These 
characteristics make Level 6 attractive to: 


1. Original equipment manufacturers, who 
demand a minicomputer easily embedded in 
their own systems, operable and durable in a 
wide range of environments, and including 
the ready availability of spare parts and 
simple repair procedures. 


2.Users who will place a Level 6 central 
processor in their own racks or attach it asa 
freestanding module, as a tool for various 
technical tasks (e.g., to collect, commu- 
nicate, control, or manipulate data in 
factory and laboratory environments). 


In addition, the peripherals available with Level 
6, along with the program development and other 
software, make Level 6 attractive to: 


1. Users requiring a relatively complete system, 
including I/O equipment, for dedicated 
applications in factory and other non-office 
environments. 


2. Users requiring turnkey systems in various 
hardware configurations for use in an office 
environment. 


3. Users requiring a program development 
capability supporting the above applications 
and generally used in an office environment. 


The packaging of the Level 6 models has been 
designed to satisfy all of these requirements. 
There are drawer units 5% and 10% inches high 
for standard EIA rack mounting. There are 
60-inch-high cabinets for central processor, disk- 
ette, and other drawers. There are tabletop 
configurations, completely enclosed, completely 
portable. All provide easy front access and require 
only front-to-rear airflow for cooling. (In many 
other minicomputer systems, large backboard 
areas force designers to use side-to-side cooling 
with the attendant difficulties of avoiding recircu- 
lation in cabinet configurations. ) 
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Figure 1-1. Model 6/36 Tabletop Unit and Chassis 


Figure 1-2. Typical Model 6/36 Configuration 
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The software set is also designed to help keep 
costs down. Every module will operate within the 
basic 8192-word memory of both models, except 
for the FORTRAN compiler, which requires 
16,384 words. Program development requires 
only the addition of a teleprinter (or keyboard 
typewriter console) and a dual diskette. 


BOARD TECHNOLOGY 


Level 6 uses a primary circuit board 15 inches 
wide by 16 inches deep (see Figure 1-3). The rear 
of the board is connected to the Megabus, while 
devices are connected to the front of the board. 
(Figure 1-4 illustrates the extreme simplicity of 
Level 6 connections.) Both Small Scale Integra- 
tion and Medium Scale Integration are used. 

Each memory board can contain up to 32,768 
words of memory in four modules (called 
Memory-Pacs), of .8192 words each. Each 
Memory-Pac is implemented as a small board, 6% 
inches wide by 6% inches deep, plugged directly 
into the primary board. 

A Similar arrangement is used for device and 
communication controllers (see Figure 1-5). The 
Multiple Device Controller (MDC) consists of a 
primary board (containing a microprocessor) onto 
which up to four device adapter boards (3% by 11 


inches), called Device-Pacs, can be plugged. Each 
Device-Pac can support an ASR/KSR teleprinter, 
or a teleprinter-compatible CRT display, or a 
keyboard typewriter console, card reader, serial 
printer, or line printer. The diskette adapter 
supports either one or two diskette drives. A 
separate Mass Storage Controller (MSC) is used 
for Level 6 cartridge disk units, up to four of 
which can be attached to a single MSC. In its 
control concepts and interface with the Megabus, 
this controller is similar to the MDC.! 


The Multiline Communications Processor 
(MLCP) consists of a primary board (also contain- 
ing a microprocessor) with up to four line adapter 
boards, called Communication-Pacs. Each 
Communication-Pac handles one or two full 
duplex lines. 

The General-Purpose Direct Memory Access 
Interface, for users who wish to attach their own 
devices to’ Level 6, is also implemented as a single 
primary board plugged directly into the Megabus. 
It contains both a Level 6 interface and a large 
“unpopulated” area for the user’s own design 
interface. (A documentation package included 
with the interface provides design procedures.) 
Besides simplifying the connection of user 


1cce Section 6 for a description of all peripheral devices. 


Figure 1-3. Level 6 Circuit Board (Memory Controller with 8 KW Memory-Pac) 
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Figure 1-4, Level 6 Megabus and Power Supply 


devices, the interface protects the rest of the 
system from a failure of one of these devices. 
Each Level 6 primary board is individually 
replaceable without disturbance of any other 
board. Each board and Pac provide so much 
functionality that Level 6 is physically more 
compact than most of its competitors. Further- 
more, the use of the primary board/Pac concept 
permits the sharing of costly logic (memory error 
correction, controller microprocessors) among an 


unusually high number of basic elements (mem- 
ory, devices) with very flexible configurability. 
Thus the Level 6 approach satisfies users’ de- 
mands for economy in four critical areas: space, 
power, cabling, configurability. 

In addition, board addresses are easy to config- 
ure. There are 2!° possible addresses. Users can 
configure an address by setting a hexadecimal 
rotary switch (establishing an address for each 
board). This feature is important to all users, and 
especially to system builders planning to develop 
software on a large configuration and then use it 
on many smaller, differently configured systems. 
Level 6 also includes a device-identification fea- 
ture; this is independent of software, so users will 
not have to keep changing their software when 
they change an address. 


SYSTEM SUMMARY 


Note also that the microprocessors make these 
controllers more capable, relieving the central 
processor of many tasks, and also enhance their 
diagnostic capability. 


SYSTEM ELEMENTS 


Megabus 

The Megabus is the heart of Level 6, central to 
its performance. All elements of Level 6 — central 
processor, memory, and device and communica- 
tion controllers — are attached to the Megabus 
and all transfers (memory, interrupts, instruc- 
tions) between them take place on the Megabus. 
Communication among these elements is asyn- 
chronous, permitting elements of different speeds 
to operate efficiently. 

With up to 1024 I/O addresses available, very 
large I/O configurations are possible (see Figure 
1-6). In addition, the Megabus offers an unusually 
high transfer rate: 6 million bytes (i.e., halfwords) 
per second (300 nanoseconds per 16-bit transfer 
cycle). 

The Megabus is based on TTL technology. 
Etched wires are used to join connectors, which 
means that fewer connections are required, user 
costs are lower, and bus operation is highly 


AS22 


a. Multiline Communications Processor b. General-Purpose DMA Interface 


c. Teleprinter Device-Pac d. Card Reader Device-Pac 


Figure 1-5. Typical Controller Boards and Device-Pacs 
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Level 6 System Diagram 
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Figure 1-6. Megabus Configuration 
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reliable. There are 64 vectored-interrupt levels, 
with 64 priority levels. There is automatic inter- 
rupt identification, as when a device interrupts 
and identifies itself to the central processor. 
There are no private wires for interrupts; an 
interrupt is handled as just one of several types of 
message transmitted on the bus. The Megabus also 
has an automatic save/restore of context (done on 
other systems by software): more context is saved 
in a given time than on competing systems. Parity 
checking on the Megabus ensures the integrity of 
data transfers. 

The Megabus can transfer either words or 
bytes. Memory is used efficiently, and controller 
transfers can start or end on arbitrary byte 
boundaries. All transfers are of the DMA (Direct 
Memory Access) type; each device controller 
maintains its own information about the location 
in memory to/from which data is to be trans- 
ferred and accesses that location directly. DMA 
means that software involvement is minimal. Asa 
corollary, there is distributed Megabus control. 
Each unit on the Megabus contains all the control 
and timing it needs to use the bus, without 
dependence on a central control unit of any kind. 
This contributes to the great configurability of 
Level 6. 

A distributed tiebreaking network provides the 
function of granting Megabus cycles and resolving 
simultaneous requests. The logic to accomplish 
this function resides in every unit on the 
Megabus. Priority is granted on the basis of 
physical position. In any Level 6 system, memory 
is granted highest priority and the central proces- 
sor the lowest. Other units are positioned by each 
user on the basis of their performance require- 
ments, their priority increasing according to their 
proximity to memory. 

To prevent Megabus hangups, including an 
address to a nonexistent unit, there is a dead-man 
timeout by the central processor. It times all 
Megabus transfers and initiates a trap if a slave 
does not respond within 5 microseconds. 

For an overview of system logic and a more 
detailed account of Megabus interaction with 
other system elements, see Section 2. 


Central Processor 

The Level 6 central processor, using TTL 
technology, is a state-of-the art device, open- 
ended, powerful, and flexible. The word size is 16 
bits — which makes the most of combined econ- 
omy and functionality. Key features of the 
architecture may be summarized as follows: 


@ 18 program-visible general registers, includ- 
ing multiple accumulators and multiple ad- 
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dress, index, and control registers and a 
program counter 

Bit, byte, and word instructions 

Bit test, set, and mask capability 

Immediate, register-to-register, and register- 
to-memory operations 

64 vectored interrupt levels 
Multiple vectored trap structure 
Hardware-supported context 
restore 

Multiple addressing modes, including index- 
ing, indirect addressing, base plus displace- 
ment, program-counter-relative, auto incre- 
ment/decrement, etc. 

Permanent bootstrap 

Power failure detection 

Real time clock and watchdog timer (50/60 
Hz) 

Automatic restart 

High configurability 


save and 


These features are described in detail in Sections 
3 and 4. In additon, the central processor control 
panel is described in Section 5. 

The instruction set is programmer-oriented, 
facilitating the writing of compact, efficient 
programs and offering the right instruction for 
each function. The multiple word length capabil- 
ity makes it easy to handle data elements of 
varying size, while the indexing techniques, com- 
pletely integrated into the architecture, are supe- 
rior to any competitive system. 

The instruction set design strikes a highly 
effective compromise between two groups of 
conflicting user requirements: on the one hand 
the desire for more and more operation codes, 
more and more operands, more and more flexible 
ways of addressing an operand; on the other 
hand, the reluctance to devote extra space in 
costly memory to longer and more exotic instruc- 
tions, many of which are infrequently used. 

The Level 6 approach defines a 16-bit instruc- 
tion format that is extended in a number of ways. 
For example, a 16-bit instruction does not con- 
tain a direct memory address (though it does 


‘allow the programmer to address memory). For a 


direct address, a field is added to the instruction; 
this may be a 16-bit direct address. Thus a 32-bit 
instruction is achieved as needed. Another meth- 
od is to use a 16-bit displacement relative to the 
program counter. The result of this approach is to 
realize added power only when it is required — 
without compromising the design of the 16-bit 
instruction in which most of each program is 
actually written. 

A bootload capability is included on the CP 
board. It is a ROM stored process and therefore 
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permanent. There is no elaborate load procedure 
or multiple keying. Users can select any device 
through the control panel and bootload from 
there, providing only the device address (if the 
bootload is not from the default bootload de- 
vice). Other outstanding characteristics of the 
central processor are as follows: 


The maximum Level 6 memory (131, 072 
bytes) can be addressed directly (i.e., without an 
“indirect address’ elsewhere in memory); the 
complexities and overhead of paging/segmenta- 
tion units are avoided. 

The Level 6 indexing technique permits ad- 
dressing and manipulating bits and bytes in 
memory. Bit instructions allow testing, setting, 
resetting, complementing, etc. addressed bits. 
Byte instructions allow logical and arithmetic 
operations. Both facilitate the writing of com- 
pact, efficient programs. 

The 18 programmable registers include 7 ad- 
dress registers, 7 data registers, 3 index registers 
(using data registers), 3 control registers, and a 
program counter. This is a large complement for a 
minicomputer. Programs can be more compact 
and execution times faster than on machines with 
fewer registers. 

The Level 6 interrupt structure, with its asso- 
ciated firmware-level dispatching and automatic 
context save/restore (see above and also ‘“‘Execu- 
tive Modules” in Section 7), efficiently maintains 
a 64level priority system while eliminating the 
need for complex software to perform this 
function. 

Hardware trap support of up to 20 trap 
conditions allows quick handling of exceptional 
conditions (e.g., overflow) and permits a source 
program to run even if a facility it requires is not 
installed. See “Trap Manager” under “‘Executive 
Modules” in Section 7. 

Level 6 includes instructions that facilitate 
stack and queue manipulation, including subrou- 
tine calls, re-entrant and recursive programming, 
and data buffer management. 


Memory 

Level 6 memory offers the reliability, low cost, 
and high density of MOS components. Battery 
back-up in the event of power failure is also 
available as an option (Memory Save and 
Autorestart). 

Level 6 memory is a state-of-the-art semicon- 
ductor type using N-channel 4096-bit dynamic 
RAMs as the storage media. Its design emphasizes 
high reliability, low cost, modularity, and simpli- 
fied field maintenance. Like other elements of 
Level 6 the memory is a Megabus-compatible 
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subsystem which may communicate directly with 
and in the same fashion as any other element on 
the bus. TTL MSI circuitry is used liberally to 
minimize power and space requirements for the 
extensive functionality provided. Self-contained 
on each memory module is Megabus support, 
refresh, and initialization logic. 

Byte-parity memory, offered on Model 6/34 
and Model 6/36, includes logic for storing/ 
retrieving two parity bits per word on each 
8192-word board module. Thus the actual word 
size in memory is 18 bits. The parity bits are 
returned to anyone reading the memory. 

EDAC (Error Detection and Correction) mem- 
ory, offered on Model 6/36, includes logic for six 
parity bits per word on each 8192-word module. 
The supplied parity is used together with the data 
to develop and store an EDAC code. When it is. 
read, memory attempts to correct any internally 
caused data error, reporting the results over two 
dedicated leads on the Megabus. Each lead sets a 
specific status bit depending on whether the error 
can be corrected or not. EDAC is particularly 
desirable for large systems, where extended relia- 
bility is required. 

With either kind of memory, address parity 
accompanies the most significant eight bits on the 
address bus. When memory detects an error on 
these bits, it does not respond; the result is a bus 
timeout. Note also that each device/communica- 
tion controller on the Megabus checks parity as it 
passes through and indicates an error by setting a 
parity error status bit. 

Memory Save and Autorestart guarantees data 
retention for 131,072 bytes of memory for a 
two-hour period. Support circuit power runs are 
separated to minimize standby power drain. 
Electronics within the optional unit maintain 
battery charge, regulate outputs, and indicate 
holdup failures. 


Semiconductor Storage 

Commercially available 4KN MOS devices are 
used as the storage elements. Each device is 
exposed to vigorous functional testing on com- 
puterized test equipment before undergoing a 
16-hour stress cycle at temperature. The result is 
a cost-effective quality product comparing favor- 
ably with core technology in all respects. TTL 
compatibility offered by N-channel MOS elimi- 
nates the need for and liability of the extensive 
discrete and linear IC circuitry required to inter- 
face with core memories. The packing density is 
superior and power requirements are dramatically 
reduced: both characteristics again enhance the 
Level 6 size, weight, and MBTF advantages over 
core. Furthermore, a straightforward integrated 
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circuit approach simplifies failure diagnosis and 
repair procedures as compared with core technol 
ogy. One other significant advantage over core is 
the increase in memory utilization made possible 
with the inherently shorter cycle times associated 
with semiconductor devices. 


Packaging 

The advantages of Level 6 board technology 
are significant. Field expansion in small capacity 
increments is now possible without the cost of 
repeating overhead circuitry. Sparing costs are 
minimized through the use of the 8192-word 
modules as ORUs.! 


Functionality 

As in the case of other Level 6 system 
elements, the memory functions with minimum 
Megabus utilization. The interface is totally asyn- 
chronous, and after a memory read request is 
acknowledged the bus is released to other users. 
Meanwhile the memory completes its internal 
cycle while retaining the identification of the 
requestor. As the internal cycle nears completion, 
the memory requests a Megabus cycle and upon 
acknowledgment of bus availability sends data to 
the requestor. Megabus usage is less than half the 
memory cycle time and so allows simultaneous 
utilization of two modules at their maximum 
cycle rates. 

Level 6 addressability extends to 16 million 
bytes: hence future expansion of the maximum 
memory now available on Level 6 is foreseeable. 
Configuration switches mounted on the memory 
are set with the module identification address to 
establish each module’s position with the address 
spectrum. (The module’s logical position, i.e., 
address, has no relationship to its physical chassis 
position.) 

Write operations require only one Megabus 
cycle. Both full and byte write modes are 
available. Byte writes require a longer internal 
cycle for EDAC versions,! since check bits are 
now a function of both new and stored data. In 
EDAC parity checking, “‘Red” and “Yellow” bus 
signals are activated for noncorrectable and cor- 
rectable errors, respectively. Parity on new data is 
treated as a pseudo data bit by the check bit 
encoders. If bad parity is received, the ‘‘Red”’ line 
is activated during the subsequent readout. 

A unique maintenance aid, the EDAC bypass 
feature, is provided on EDAC memories to permit 
full field verification of the integrity of the error 


1 Optimum Replacement Units. See below under ‘‘Maintenance”’ 
for an explanation of the ORU. 


Read operations are also somewhat longer with EDAC versions of 


memory. 
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correction circuitry. In addition to the EDAC 
bypass feature, a momentary contact switch is 
placed on the memory board within easy access 
behind the swing-out control panel. When the 
switch is depressed during the specified portion of 
the diagnostic routine, check bits are forced to all 
zeros for all new data. With careful selection of 
data patterns, all elements of the decoding, 
detection, and correcting logic can be exercised 
and must be operating properly for the scrambled 
readout data to match that of a functioning 
system. Other portions of the EDAC circuitry, 
including check bit chips, can be checked with 
special patterns in normal mode. 

The sharing of the I/O bus with memory in 
Level 6 is a departure from much standard mini- 
computer practice, in which a second bus is dedi- 
cated to memory. Advantages of the Level 6 
approach are as follows: 


1. A fully asynchronous memory interface is 
achieved that is fully compatible with all 
other elements of Level 6. Thus direct 
memory access is a fundamental ingredient 
of the architecture. Furthermore, the stan- 
dard asynchronous interface expands config- 
uration dimensionality by allowing simulta- 
neous use of memory types with varying 
performance and cost. 

2. Bus hardware is minimized, with less than 
100 signal paths required for the total 
function. This feature helps make possible 
the unique physical configuration of Level 6, 
providing front access board removal in 
conjunction with the simplicity of front-to- 
rear cooling airflow. 


Multiple Device Controller (MDC) 

Each MDC supports up to four of the following 
devices, via individual Device-Pacs as described 
above: (1) a standard Model 33 ASR/KSR tele- 
printer; (2) a teleprinter-compatible CRT display 
for console use; (3) a 30-character-per-second 
keyboard typewriter console; (4) a 300 or 500 
card-per-minute (CPM) card reader; (5) a 60 
line-per-minute (LPM) serial printer; (6) a 240- 
600 LPM line printer. The MDC also supports one 
or two diskette units. Through the MDC, all these 
devices can operate simultaneously. 

Multiple MDCs can be attached to the Mega- 
bus, and multiple like devices can be attached to 
any MDC. Each MDC contains a firmware-driven 
microprocessor augmented with the circuitry nec- 
essary to support the adapter connections. All 
hardware unique to a specific kind of device is 
contained in the Device-Pac (which makes it easy 
for users to change their peripheral configura- 
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tions). Through its Pac each attached device 
presents a DMA (Direct Memory Access) interface 
to the central processor. The design of this 
interface is such that software commands and 
status pertain to the device itself rather than to 
the MDC. 

A portion of the MDC firmware is reserved for 
a hardware verification routine called Basic Logic 
Test (BLT), which supplies a go/no-go visual 
identification of an MDC hardware failure. Its 
purpose is to verify basic data paths in anticipa- 
tion of running ORU isolation and test routines. 
If the BLT detects an error, that error is isolated 
to the MDC, which is the ORU. 

The Basic Logic Test is invoked in the MDC in 
response to a Master Clear on the Megabus or an 
initialize command (issued by software) received 
on any MDC channel. Results of the BLT appear 
as a visual indication on the control panel edge of 
the MDC board and on the control panel itself. 
An indicator turns on during execution of the 
BLT and turns off only if the BLT is successfully 
completed. 

Software isolation test routines are provided to 
verify all operational aspects of the MDC and to 
isolate failures to an ORU. The operator inter- 
faces with these routines via the CP control panel 


or a console device. The routines run as stand- 
alone modules, but Level 6 includes diagnostic 
functionality to support them. 


Mass Storage Controller (MSC) 


The Mass Storage Controller provides micro- 
programmed support of up to four disk units with 
a total capacity of 40 million bytes. General 
control functions include execution of Megabus 
sequences, command decoding, data transfer mul- 
tiplexing between Disk-Pacs, and status and con- 
trol register storage. 

The hardware unique to the disk units is 
localized on a Cartridge Disk-Pac similar in 
concept and performance to the Device-Pacs 
plugged into the MDC. The Disk-Pac performs 
such functions as device interface dialog control, 
syne word detection, check word generation/veri- 
fication, device state monitoring, and bit-to-bit 
conversion for the set of disk units (1 to 4) 
attached to the MSC. 

Maximum throughput across the MSC/Pac in- 
terface is 312,500 bytes per second. Multiple 
MSCs can be attached to the Megabus. The MSC 
permits a data transfer operation to take place 
concurrently with multiple seek operations. 


Figure 1-7. MDC with Device-Pacs Attached 
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Multiline Communications Processor (MLCP) 

The microprocessor-based MLCP provides an 
extremely powerful communications link at mod- 
erate cost. Each MLCP can contain up to four 
Communication-Pacs, and each Pac can handle 
one or two lines. Throughput is up to 160,000 
bits per second. The MLCP is unusually flexible 
regarding line types, speeds, communications dis- 
ciplines, etc. For example, it can handle up to 
eight full-duplex lines in one board slot at speeds 
to 9,600 bits per second, or it can drive one line 
at 72,000 bits per second. Its 4096 bytes of 
Random Access Memory (RAM) — 3072 used for 
its procedure code — permit it to execute com- 
plex line-handling procedures with no involve- 
ment of the central processor. Key attributes of 
the MLCP are as follows: 


@ Implementation of MLCP on a single pri- 
mary board with field-configurable, easily 
changed/replaced Communication-Pacs 

@ Operation of up to eight full-duplex, 9,000- 
bits-per-second lines or one 72,000-bit line 
per MLCP 

@ Program load of configuration and control 

® Program load of data stream control 


@ User-programmable to provide for message 
delimiting, message editing, checking algo- 
rithms 

@ Hardware checking (e.g., Longitudinal Re- 
dundancy Check — LRC) 

® Individual DMA for transmission direction 
of each line 

@ Standard Megabus interface and five stan- 
dard communication interfaces: 


Synchronous Line Communication-Pacs: 
one or two full-duplex lines; speeds of up 
to 10,800 bits per second; EIA RS232C 
interface. 

Asynchronous Line Communication-Pacs: 
one or two full-duplex lines; speeds of up 
to 9,600 bits per second; EIA RS232C 
interface, one or two stop bits; selection 
of speeds by parameter. 

Broadband Line Communication-Pac: one 
full-duplex line; speeds of up to 72,000 
bits per second; broadband CCITT V35 
interface. 


Each line direction is considered a channel for 
which the software can set interrupt levels dy- 


Figure 1-8. MLCP with Communication-Pacs Attached 
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namically. Modem interfaces conform to EJA 
RS232C, MIL 188C, and foreign CCITT specifica- 
tions. 

As indicated above, the MLCP microprocessor 
is programmable at the channel level. These 
programs can edit and convert prespecified se- 
quences of data. The microprocessor fully delim- 
its the data stream, offloading the central proces- 
sor of character generation, detection, and block 
check functions. Data formats, code lengths, and 
parity characteristics are program selectable for a 
given line. 

The differences between line protocols and the 
specific requirements of each line adapter/line 
combination are handled via small software rou- 
tines residing within the MLCP on a per-line basis. 
These routines are loaded from an image in main 
memory by the system operating software and 
can be re-entrant and shared within the MLCP. 
With this system, it is possible to reconfigure lines 
from one protocol to another by simply changing 
a parameter or reloading a line-specific routine. 

Like the MDC, the MLCP uses a Basic Logic 
Test to verify that the Megabus and the command 
interface to the MLCP functions are operable to a 
level at which the ORU Isolation Test Routine 
can be executed. This BLT is initiated either by 
hardware (the Master Clear Button) or by soft- 
ware (Initialize Command to the Controller), and 
the go/no-go results are displayed by an indicator 
on the MLCP and the control panel. In addition, 
each of the eight lines has program-usable loop- 
back of data transmit to data receive to facilitate 
diagnosis. 


General-Purpose Direct Memory Access (DMA) 
Interface 

This interface, implemented on a single pri- 
mary board (more than one can be attached to 
the Megabus), provides users with a means of 
interfacing special devices to Level 6. Its features 
are as follows: 


word-wide interface 

asynchronous interface 

DMA mode 

ability to interrupt the central processor 
support of multiple devices 

simple control-line interface 

spare area for user logic 

documentation package including design 
procedures for specific power and isolation 
requirements 


The Interface provides all the circuitry, storage, 
and control logic required to maintain function- 
ality with the Megabus so that users can easily 
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interface their own controllers to Level 6. It 
operates in DMA mode, supporting a single 
channel that can be used in either direction. Data 
to/from the user is transferred in 16-bit parallel 
form, controlled by a simple, asynchronous hand- 
shake operation. Data transfers between the 
interface and the Megabus are also in 16-bit 
parallel form, via DMA control.! 

A scratchpad memory (16 bit x 16 word) is 
integral to the Interface. One cell (16-bit word) is 
dedicated as a temporary data buffer to isolate 
the user from the bus. Other cells are used for 
essential system quantities (e.g., Status, Task 
Word, Interrupt Control). Nine cells are provided 
for user application as working registers or as 
communication locations between the user- 
written driver and the user’s hardware. 

Board maintainability is enhanced by the inclu- 
sion of loop-back logic. This feature, along with 


the standard test and verification program sup- 


plied, allows a user to exercise data transfers 
under DMA control, as well as scratchpad mem- 
ory operation and task flag and interrupt func- 
tions. . 

The Interface. board contains both the Honey- 
well-supplied logic and an area reserved for user 
logic (see Figure 1-9), The user area is configured 
with 66 sites for mounting 14- or 16-pin Dual 
in-Line Packages (DIPs). Each DIP station in- 
cludes wirewrap pins for the user interconnec- 
tions. The interface logic and user areas are 
separated by a row of 70 wirewrap pins; of these, 
50 are used to connect the interface signals 
to/from the Interface logic (the rest are used for 
power and ground). There are two 56-pin connec- 
tors for attaching cables to user devices. 


POWER SUPPLY AND AIR 
CIRCULATING FANS 


The Level 6 50/60 Hz power supply ‘and 
air-circulating fans are located at the rear of the 
drawer holding the central processor. Packed into 
a relatively small volume (about 15 inches wide 
by 6 inches deep by 5 inches high) and requiring 
only a standard, 120-volt, single-phase, 3-wire 
supply, the power module provides users with 
unusually economical operation plus full brown- 
out protection (it can ride througha 3-to4-cycle 
loss). 

The front panel and chassis wraparound pro- 
vide complete protection from hazardous volt- 
ages. In addition, the ac line input is interlocked 
so that removal of the power supply automatical- 
ly removes ac power from the system. 


1 transfer rates: 0.4 million bytes/sec from memory to user 
device; 0.5 million bytes/sec from user device to memory. 
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USER AREA 
(66 DIP SITES WITH WIREWRAP PINS 


AND DECOUPLING CAPACITORS) 


LOGIC AREA 
(ETCH) 


o 


Two 56-pin connector receptacles for user application; 
include mating edge connectors. 


Row of 70 staked pins (wirewrap) providing interface 
signals for user interconnection. 


SRO o 


Edge connectors; plug into Megabus. 


Figure 1-9. Layout of General Purpose DMA Interface 
Board 


Two fans mounted at the rear of and as part of 
the power supply draw air from the front to the 
back of the drawer, past the circuit boards and 
the power module itself. They help keep the 
system operating through a temperature range of 
O°C to 50°C ambient, and a humidity range of 5% 
to 95%. Both power supply and fans have UL 
approval. 


PERIPHERAL DEVICES 


Level 6 includes a set of economical peripheral 
devices, all attachable via the MDC or MSC;,' 
featuring quiet operation suitable for an office- 
like environment, low power requirements, and 
sufficient speed for any user application. This 
section summarizes peripheral features; for detail- 
ed information, see Section 6. 
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Programmable Interrupt Levels 

Level 6 gives any peripheral device the capabil- 
ity of interrupting at any level, under software 
control. Interrupt levels can be set by the 
software dynamically, before each job or before 
each peripheral instruction sequence, etc. These 
levels are independent of physical system configu- 
ration or device type. Users benefit from an 
increased flexibility in assigning job priorities. 


Teleprinter and Compatible CRT Device 

Teletype Corporation standard Model 33 tele- 
printers are available in a Level 6 packaging 
design, in either ASR or KSR versions. 

The console display is a low-cost, teleprinter- 
compatible device for users who require a visual 
medium in addition to their hard-copy teleprint- 
ers and typewriter consoles. It features a separa- 
ble keyboard (facilitating its use and incorpora- 
tion into office furniture packages), nondestruc- 
tive cursor backspace and forwardspace, and a 
960-character (12-line) display. A 64-character set 
(ASCII) is standard; a 95-character set including 
lower-case letters is optional. 


Keyboard Typewriter Console 

The keyboard typewriter console prints 30 
characters per second and has a line width of 132 
print positions. The ASCII character set includes 
upper- and lower-case letters, 10 numerals, punc- 
tuation marks, and special symbols. Paper is 
tractor-fed and the fanfold paper forms provide 
lengths of 3 to 17 inches and widths of 4 to 15 
inches. The console furnishes an original and four 
clear copies. 


Card Readers 

Level 6 card readers handle 80-column cards 
(or, optionally 51-column cards) at 300 or 500 
CPM. A Mark Sense capability allows the reading 
of mixed punches and IBM-compatible marks. 
The hopper and stacker capacities are 500 cards. 
The card readers are packaged for table-top 
mounting and have UL and CSA! approval. 


Serial Printer 

The serial printer furnishes an original and up 
to four clear carbon copies at a speed of 165 
characters per second (CPS). This speed is equiva- 
lent to 60 lines per minute at 132 characters per 
line. 

There are 132 print positions at a horizontal 
spacing of 10 characters per inch. Characters are 
formed from a 9 by 7 dot matrix and are 
equivalent to 10-point type. The printer has a 


canadian Standards Association. 
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vertical spacing of six lines per inch and a 


capability for Head of Form, End of Form, and 
Single Line formats. There is a standard set of 64 
ASCII characters and an optional set of 96 
characters. A standard sprocket paper feed is 
used. 

The printer has an eight-bit parallel data 
interface for connection to the Device-Pac. 


Line Printers 

The line printers operate at 240-600 LPM, 
using the standard 64-character ASCII set or 
optional 96-character ASCII set. Characters are 
printed from a drum-mounted solid font. 

There are 136 print positions, and the paper 
has a slew rate of 20 inches per second. Six-part 
forms are produced. A Vertical Format Unit 
provides Head of Form and End of Form capabil- 
ity in a 66-line format; a 12-channel paper tape 
option is available for the VFU. 

A floor-mounted cabinet is standard. The line 
printers have both UL and CSA approval. 


Diskette 

The Level 6 diskette capability is offered as a 
subsystem including the Device-Pac for the MDC 
and two diskette devices. These devices appear 
completely independent to the software, since a 
command addressed to a channel that is not busy 
is always accepted. All operations are executed 
simultaneously on the two units, except for data 
transfers: in this case the MDC accepts a data 
transfer command for one device but does not 
transfer data until an on-going transfer on the 
other device has been completed. 

The subsystem uses standard (IBM “Type 8”’) 
flexible magnetic disks or their equivalent. Data is 
physically recorded on the disks in an IBM- 
compatible format, but the contents of the 
header records and the actual data are under 
software control and are not restricted to be 
IBM-compatible. The data representation is in 
ASCII. The software is optionally capable of 
translating from ASCII to EBCDIC to produce a 
diskette that may be interchanged with IBM 
equipment. 

The diskette has a data rate of 31,248 bytes 
per second (MDC to memory) and a capacity of 
256,256 bytes per disk (formatted, 77 tracks). 


Cartridge Disk 

The cartridge disk unit provides low-cost data 
storage for users with medium-sized file require- 
ments. Each unit has a capacity of 2.5 to 10 
million bytes; random access to 10 million bytes 
requires an average of less than 50 milliseconds. 
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Record lengths can be varied to suit user applica- 
tions; all records include check words for data 
integrity. The units are packaged for either rack 
or cabinet mounting; both versions feature easy 
top-loading of removable cartridges. And since 
removable and fixed disks can be mounted on the 
same spindle, file copying can be accomplished 
with a single unit. 


SOFTWARE 


Level 6 offers both a basic and an extended 
software capability, in packages called respective- 
ly, GCOS/BES1 and GCOS/BES2. Under GCOS/ 
BES1 the chief system functions are performed, 
allowing users to concentrate on their individual 
applications. A set of executive modules provides 
a rapid response to time, priority, and I/O 
interrupts. Their size is minimal and their inter- 
face with user programs is straightforward and 
easily learned. Providing basic system control and 
firm base on which to build applications, their 
features include: task management — starting, sus- 
pending, and resuming specific tasks on the basis 
of software priority levels; support of the central 
processor real-time clock to provide both periodic 
and time-of-day execution; operator interface 
management; trap management; and optionally, 
dynamic buffer allocation allowing a number of 
requesting tasks to share memory. 

For program development, GCOS/BES1  in- 
cludes both a powerful 8K Assembler and an 
industry-standard 16K FORTRAN compiler. Ei- 
ther language operates in a minimum Level 6 
configuration with two diskettes but takes advan- 
tage of larger Level 6 systems. Compilation and 
testing are operator controlled via a command 
processor that uses simple, keyed-in commands to 
permit all Level 6 operations. 


The Assembler uses a free-form language that 
allows the programmer to take maximum advan- 
tage of the Level 6 hardware/firmware instruction 
set. In two passes, the Assembler produces relo- 
catable code for a program of up to 32K. 
Programmers/operators can choose to suppress 
the object file or a listing, list error lines or 
conditional lines only, or set a conditional switch 
value. The single-pass FORTRAN compiler pro- 
vides full Level 1 ANS1 1975 functionality. For 
greater flexibility, programmers/operators can 
specify standard relocatable output or Assembly 
source text. In addition, assembly language state- 
ments can be imbedded within a FORTRAN 
program. 

To assist the program development effort, 
GCOS/BES1 includes a linker that can process 
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150 external references to build a 64K image file 
and a productivity-increasing text editor. Still 
other BES] software includes loaders that sup- 
port relocation and accept files from card reader, 
console paper tape, or diskette; online and stand- 
alone device drivers supporting terminals and 
peripheral devices (programs can be written to 
incorporate the standalone device drivers or to 
call the Executive, which will then handle input/ 
output); and a configuration load manager that 
performs system generation, configuration, and 
initialization. 

GCOS/BES2 includes all the capabilities of 
GCOS/BES1, with significant extensions in com- 
munications, executive functions, and program 
development tools. Among the new communica- 
tions capabilities are support of a BSC link to a 
host computer and an operator interface. Added 
executive functions include a disk-based system 
loading/activating tasks resident on either diskette 
or cartridge disk. And the program development 
enhancements encompass extensions in both the 
Assembler and the FORTRAN compiler and 
macro processor. There are still other capabilities 
in such areas as file management, utilities, job 
stream management, and teleprinter/console dis- 
play support. 

For a detailed discussion of GCOS/BES soft- 
ware, see Section 7. 


HUMAN FACTORS ENGINEERING 
AND INDUSTRIAL DESIGN 


Level 6 hardware elements meet OSHA! re- 
quirements for operator safety. They have UL 
and CSA approval. Safety-interlocked panels help 
eliminate operator hazards, work surfaces are 
made of durable materials and finishes, and 
casters and jacks ease installation. 

There are many operator convenience features: 
“see only when necessary” status displays plus 
internal illumination to avoid confusion and 
reading errors; insulation to reduce noise; easy 
machine loading procedures; high-lubricity feed 
and stacker work surfaces for efficient document 
handling; simplified access to card paths to 
facilitate the removal of damaged cards. 

In addition, system builders benefit from the 
great flexibility of Level 6 in installation and 
configuration, from the need for less power and 
floor space than in many competitive systems, 
from the easy accessibility of internal compo- 
nents and the overall design for simplicity of 
operation and maintenance, from the greatly 


1 Occupational Safety Health Act 
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reduced requirements for operator training, and 
from the feasibility of personalizing the equip- 
ment. 


SITE PREPARATION PLANNING 


Some users need very little site preparation 
assistance; Others need detailed pre-installation 
planning. As a major mainframe producer Honey- 
well has had years of experience in installing 
computer systems and can provide assistance at 
whatever level is required. Both end users of Level 
6 and system builders incorporating Level 6 
components into their own product lines will find 
Honeywell’s knowledge and expertise helpful, 
either in forestalling difficulties or in solving 
particular configuration problems. 

Honeywell’s assistance covers the range of 
physical, environmental, electrical, and safety 
requirements. Section 8 provides planning infor- 
mation in detail, including configuration, layout, 
specification, and site facility data. 


MAINTENANCE 


The Level 6 design concept, based on contain- 
ing functional system modules on single boards, 
not only reduces module interconnections to 
Megabus and power (eliminating intra-module 
connections) but also enhances system availabil- 
ity: First, the existence of functional boundaries 
simplifies the procedures required to diagnose 
faults. In turn this means that execution of these 
procedures should require very little downtime, 
on the order of minutes, and that the attempt to 
isolate a fault to board level should normally be 
successful. Third, “‘repair” of the fault requires 
simply unplugging the failed unit and plugging in 
a replacement. 

For maintenance purposes, all system modules 
that can be easily removed and replaced at the 
customer site are called Optimum Replacement 
Units, or ORUs. Either Honeywell field engineers 
or user personnel (nontechnical but trained) will 
replace an ORU, depending on the maintenance 
agreement in effect. ORUs include the following: 


@ Primary boards that connect into the Mega- 
bus and similar boards that form part of a 
Level 6 component (e.g., Memory- or Device- 
Pacs). 

@ A power supply, control panel, or peripheral 
device. 

@ Fuses for power; air circulating fans. 


The actual ORU isolation is carried out in two 


steps. First the resident hardware/firmware per- 
forms the go/no-go test of basic data paths to 
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verify that ORU Isolation Test Routines are 
loadable and that their execution can be initiated. 
Second, these software tests are performed, com- 
pleting the ORU isolation and causing the results 
to be displayed. 

The display of results indicates (1) the unit to 
be replaced, (2) the case of no fault detected, or 
(3) the case in which the fault cannot be resolved 
to an ORU. In the vast majority of cases the 
result will be isolation of the fault to an easily 
replaced ORU. 


DOCUMENTATION 


Level 6 documentation includes a full, inte- 
grated set of software, hardware, and other 
manuals. These are user-oriented, written for easy 
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operational and reference use. Every major ele- 
ment of Level 6 is documented. 


FUTURE DEVELOPMENTS 


Experienced minisystem users will have noticed 
that the open-ended design of Level 6 holds truly 
exciting possibilities for hardware or software 
extensions into many areas, with benefits to 
themselves in terms of greater functionality and 
bottom-line economies. Your Honeywell Market- 
ing Representative will keep you abreast of these 
developments. In addition, Honeywell will contin- 
ue to make largely invisible improvements in 
Level 6, whose architecture accommodates the 
rapidly developing semiconductor technologies. 
Level 6 is built to last: to provide what you need 
now and in the future, at a definitive cost/perfor- 
mance advantage over its competitors. 
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SECTION 2 


SYSTEM 
ARCHITECTURE 


CONNECTABLE UNITS 


There are three principal types of units in all 
6/30 systems: central processors, input-output 
controllers, and memories. One or more of each 
type can be included in a system. All are 
interconnected by the Level 6 Megabus. 

Up to 23 connectable units are supported by 
Model 6/36, and up to four by Model 6/34. In 
this context, a connectable unit generally is 
synonymous with a board and can be any one of 
the following: 


a central processor 

a memory controller with 8K-32K 16-bit 
words of memory 

a multiple device controller (MDC) capable 
of supporting up to four different devices. 
other peripheral controllers 


| 


| 


—a multiline communications processor 
(MLCP) capable of supporting up to 8 
full-duplex lines 

—a general-purpose direct memory access 
(DMA) interface (GPI) to which customers 
can connect their own I/O device. 


Several controllers of the same type may be 
included in a system. Each is identified by a 
unique module address which is easily field- 
adjustable. Figure 2-1 shows a 64K Model 6/36 
system with 3 MDCs and 1 MLCP. This system 
could support, for example, 4 diskettes, 2 
printers, 4 CRTs, a card reader, a teleprinter, and 
up to 8 communications lines to remote terminals 
and/or host processors. Yet only seven connect- 
able units are required, and a 10-1/2 inch, 10-slot ° 
6/36 chassis would have 3 empty slots for future 
use. If further expansion were required, addi- 
tional chasses could be added until the 23 module 
capacity was reached. 


A 6/30 system can have up to 64K words of 
memory. Typically this is housed on two 
controller boards attached to the Level 6 Mega- 
bus. However, in certain cases it may be advanta- 
geous to split 32K words of memory between two 
or more boards, allowing a greater degree of 
overlap to take place in the system. Figure 2-2 
shows two ways of configuring a 48K memory. 
The standard way is to use two controllers, the 
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Figure 2-1. Typical 6/36 Configuration Diagram 
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LEVEL 6 MEGABUS 


ALTERNATE 48K CONFIGURATION 


Figure 2-2. Memory Configurations 


first with 32K, the second with 16K. However, 
the second method of putting 16K on each of 
three boards is allowable as long as the physical 
modules on the first two boards do not occupy 
the same positions. In this case, the same address 
will be set in each of the first two boards, and a 
different address set in the third. 

Input/output controllers are used to control 
one or more peripheral devices or communica- 
tions lines. A multiline communications con- 
troller can, for example, handle up to 8 full- 
duplex lines or 16 simultaneous input/output 
paths. Each path is considered to be a channel 
and will have a unique channel address. The 
logical capacity of the system is 1024 channels. 
Every device will have at least two channels 
assigned to it, even though both are not always 
used. Odd numbered channels are used for output 
devices, even numbered channels for input 
devices. Thus a line printer requires two channel 
addresses, but only the odd numbered channel 
will be used. Two diskette units on a single 
controller would have four channel numbers 
assigned, one for each device in each direction. 

The channel number for each data path is a ten 
bit value. Of these the high-order bits are factory 
assigned by means of an adjustable rotary switch 
which is easily field changeable. The low order 
bits identify the “‘port” on the controller, with 
the least significant bit being the direction bit, 
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odd for output, even for input. A typical MDC 
device channel number is shown below. 


Switch Selectable Port 
On Controller No. 


Direction Bit 

Multiple devices of the same type can thus be 

assigned to different channels. Channel numbers 

are a means of addressing input/output units and 

have nothing to do with either bus priority or 

interrupt priority levels. These are explained 
below. 


INTERUNIT COMMUNICATION 


If a processor wants to store a word in 
memory, it sends that word together with its 
memory address down the Megabus to the 
memory. In this case, it acts as the master and the 
memory acts as the slave. The transfer of the 
information from a master unit to a slave unit 
takes a single bus cycle. There are several types of 
bus cycles, and various units can become masters 
and various units slaves. The bus cycle described 
above is called a write cycle and is pictured in 
Figure 2-3. 
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e MEMORY ADDRESS 
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Figure 2-3. Write Cycle 


The bandwidth of the bus is 6 million bytes per 
second, a bus cycle taking approximately 300 
nsec. The bus is asynchronous in design, permit- 
ting units of varying speeds to operate efficiently 
on the same system. The extremely high speed of 
the bus allows a great many operations to be 
multiplexed, thereby giving a high degree of 
overlap between various system elements. 


Megabus Priority 

Any unit on the Megabus can become the 
master. To do so, it must have a higher priority 
than any other unit simultaneously also trying to 
become a master. Bus priority is dependent upon 
the relative position of the unit on the bus. 
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Memories have the highest priority, intervening 
units have lesser priority, and the central 
processor has the lowest. While this is shown in 
the diagrams as the highest priority on the left, in 
actuality the memories are physically at the 
bottom of a unit and the central processor is at 
the top. Therefore, the highest priority devices 
are those toward the bottom. See Figure 2-4. 


LOWEST 
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PRIORITY 
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Figure 2-4. Bus Priority 


Types of CP and Memory Transfers 

The write cycle shown in Figure 2-3 is one type 
of transfer between a central processor and 
memory. A write requires a single bus cycle. 
Another common operation is when the central 
processor wants to read a word of data from 
memory. This occurs during either an instruction 
fetch or an operand fetch. A read operation 
requires two bus cycles: a read request cycle and 
a read response cycle. During a read request cycle, 
the central processor is the master and the 
memory the slave. The central processor sends a 
memory address plus its own processor ID to the 
memory. Accompanying this transfer is a signal 
that says a response is requested. Upon receipt of 
this request, the memory accesses data and 
initiates a response cycle. For this cycle the 
memory becomes the master and the CP becomes 
the slave. The memory puts the data together 
with the central processor address on the bus, and 
the CP accepts it (see Figure 2-5). 

This is a typical two cycle operation. Both 
units will appear busy to any other unit that tries 
to address them during this time — with the 
exception of the central processor, which can 
accept interrupts from other units between the 
read request and the read response bus cycles. 

The memory does not initiate the read 
response cycle until after it has accessed the data. 
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Figure 2-5. Read Operation 


This is done during a 650 ‘nanosecond memory 
cycle which partially overlaps the two bus cycles 
(see Figure 2-6). During this time the bus is free 
to accept requests from other units, interleaving 
bus cycles and effectively overlapping operations. 


READ REQUEST READ RESPONSE 
CYCLE CYCLE 
ae Caetlll 


AVAILABLE FOR OTHER BUS CYCLES 


MEMORY 
CYCLE 


Figure 2-6. Timing of Memory Read Operation 


MEGABUS 


MEMORY 


Certain central processor to memory opera- 
tions operate in read-modify-write mode and 
require three cycles: a read request, a read 
response, and a write cycle. Among these are a 
group of central processor instructions specifi- 
cally designed to support future multiprocessor 
operation in that initiation of these instructions 
locks memory for the full three cycles.! This 
feature allows one processor to set flags in 
memory to be tested by another processor, 
without the chance of the second processor 
disturbing the flags while the process is taking 
place. 


Input/Output Transfers 

All I/O transfers on 6/30 systems occur in 
direct memory access (DMA) mode. Once a 
channel is set up by the central processor, data 
transfers are effected via the bus independent of' 
the central processor. When a channel wants to 
input a word to memory, it becomes the master 
and initiates a write cycle transmitting the data 


ly he six CP instructions that ‘“‘lock”” memory are INC, DEC, LBF, 
LBT, LBC, and LBS. See Section 4 for details, 
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and the memory address to the memory (Figure 
2-7). If the channel is connected to an output 
device and it wants to receive a word from 
memory, it initiates a read request cycle and then, 
after the memory has accessed the data, a second 
bus cycle, the read response, is initiated with the 
memory as master and the channel controller as 


slave (Figure 2-8). 
1/0 
MEMORY 
eto CHANNEL 
MASTER 


SLAVE 
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Figure 2-7. I/O.DMA Input Operation 
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Figure 2-8. I/O DMA Output Operation 


Multiple I/O units (including those on the same 
controller) can be operating simultaneously and 
can multiplex on a word basis to the same 
memory as long as the combined data rates do 
not exceed the maximum memory transfer rate of 
1.67 million words per second. As this rate is 
approached the central processor will be locked 
out since I/O channels have a higher bus priority 
than the CP. If a second (or third) memory 
controller is added, true overlap can be attained, 
with the central processor talking to one memory 
unit at the same time as the input/output channel 
is talking to the second memory unit. 
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Input/Output Commands 

In order for an input/output channel to initiate 
a DMA block transfer, it must first be set up by a 
central processor. This is done via an //O output 
command. The central processor sends several 
words of information to the I/O controller, taking 
a single write cycle to send each word (see Figure 
2-9). The processor sends a word of information 
together with a channel address and a function 
code defining what that word of data is. Typical 
words that must be sent from a central processor 
to a controller are task words identifying the 
operation to be performed, configuration words 
showing such things as the track and sector of a 
disk file, address words showing the address in 
memory where the transfer is to start, and range 
words showing how many words or bytes of data 
are to be transferred. 
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Figure 2-9. I/O Output Command 


In addition to I/O output commands, the 
processor can initiate J/O input commands. These 
are two-cycle operations in which the processor 
issues a read request to the I/O channel, sending it 
both a channel address and a function code, plus 
its own processor ID. The read response cycle is 
then initiated by the channel, with the contents 
of a particular channel register being sent back to 
the central processor. Typical registers which are 
read by the processor are status registers showing 
status and error information, range registers 
typically read after a DMA transfer to determine 
how many characters have been read in, and 
identification registers showing a fixed ID for a 
particular device type. The latter allows the 
software to identify exactly what type of device 
is ona particular channel. 

The two cycles of an I/O input command are 
shown in Figure 2-10. 


Interrupt Levels 

One I/O output command in particular is 
important at this point. This is the output 
interrupt control function. Utilizing this com- 
mand a processor can assign an interrupt level toa 
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Figure 2-10. I/O Input Command 


particular channel. There are 64 interrupt levels in 
6/30 systems. Any channel can be assigned any 
interrupt level by the central processor. Several 
can have the same interrupt level if necessary. To 
assign an interrupt level the processor executes an 
1/O output command which transmits a data 
word containing the interrupt level and the CP 
channel number to the channel. This then 
becomes the interrupt level at which that channel 
may in the future interrupt. It should be noted 
that priority levels are thus software assigned and 
are completely independent of physical position. 


Interrupt Commands 

When a channel wants to interrupt because of a 
certain condition in the controller (typically the 
end of a block transfer), the channel initiates an 
interrupt cycle (see Figure 2-11). In this cycle, it 
places on the Megabus its channel number and its 
interrupt level and attempts to transmit these to a 
processor (not necessarily the same one) which 
had previously set up the interrupt level. A 
register in the processor (the S register) defines 
the priority level at which the processor is 
currently operating. Priority levels are assigned 
such that Level 63 is the lowest priority and Level 
O is the highest priority. If the level number of 
the interrupting device is numerically lower 
(higher priority) than the level of the central 
processor, an interrupt will occur. If not, then the 
central processor will reject the interrupt and no 
more interrupt cycles will be placed upon the bus 
by the I/O channel until it receives a signal from 
the central processor stating that the priority level 
of the central processor is changing and that it 
should thus reinitiate the interrupt request. 

Normally a central processor cannot receive 
any bus signals between the time that it issues a 
read request and the time that it receives a read 
response bus cycle. An interrupt request is an 
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exception. It can be received by the central 
processor at any time, including the time between 
the two cycles of a read operation, although it 
will not be processed until the instruction is 
complete. 


LEVEL 6 MEGABUS 


a CPU 
e CPU ID (SLAVE) 
e CHANNEL 
e LEVEL 


Figure 2-11. Interrupt Cycle 


Interrupt Action 

When an interrupt is accepted, the central 
processor assumes the level of the interrupting 
source. It remains at this higher priority level until 
interrupted by some still higher priority level, 
or until the CP finishes the interrupt routine and 
issues an instruction (the LEV instruction) that 
returns control to either the previously inter- 
rupted level or to an intervening level that had 
previously requested an interrupt cycle but had 
been rejected. 

Consider the following (see Figure 2-12): 


1. Processor running at level 40 sets up devices 
A, B, and C at interrupt levels 20, 30, and 
25, respectively. 

. Device B requests interrupt and is accepted. 
Processor now runs at level 30. 

3. Device A requests interrupt and is accepted. 
Processor now runs at level 20. 

. Device C requests interrupt but is not 
accepted. It will not try again until processor 
changes levels. 

5. Processor finishes processing level 20, issues 
LEV instruction. This allows C to request 
interrupt again; it is now accepted and 
processor runs at level 25. 

6. Processor finishes processing level 25, issues 
LEV instruction; no higher interrupts are 
pending, so it resumes level 30 processing. 

7. Processor finishes level 30, issues LEV, goes 
back to original level 40. 


Context Switching 

Each interrupt level has its own individual 
context save area pointed to by a dedicated 
vector. Upon interrupt, CP firmware automati- 
cally stores the contents of all active registers in 
the context save area of the interrupted level and 
loads the registers as specified by the interrupting 
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Figure 2-12. Interrupt Action 


level. The number of registers whose context is 
saved and restored is under the control of a mask 
for each interrupt level, with the mask being set 
up by the software. Thus anywhere from 2 to 18 
registers may be automatically switched upon 
initiation of a new level. For details on registers 
and the action of interrupts, see Section 3. 


Summary of Bus Operations 

Figure 2-13 summarizes the various Megabus 
operations described. The Megabus itself contains 
51 information signals, which break down as 
follows: 


24 address bits 
16 data bits 
6 control bits 
5 integrity bits 


There are also 17 other lines used for timing 
and other functions. Data lines typically hold a 
16 bit data word or, on data requests, the “return 
address” of the requesting channel. The address 
lines contain either the channel number of the 
destination or a memory address; one of the 
control lines is used to differentiate which. It 
should be noted that memory addresses are not 
used to specify registers in various I/O channels. 
The latter are specified by a 10-bit channel 


OPERATION ADDRESS BUS DATA BUS 
0 78 1718 23 0 9 10 15 
MEMORY 
WRITE MEMORY ADDRESS DATA 
MEMORY 
READ MEMORY ADDRESS a 
REQUEST 
MEMORY 
READ CHANNEL NUMBER DATA 
RESPONSE OF DESTINATION 
1/0 OUTPUT CHANNEL NUMBER | FUNCTION DATA 
COMMAND OF DESTINATION CODE 
1/0 INPUT CHANNEL NUMBER | FUNCTION CHANNEL NUMBER 
COMMAND OF DESTINATION CODE OF SOURCE 
1/0 INPUT CHANNEL NUMBER DATA 
RESPONSE OF DESTINATION 
MODULE CHANNEL NUMBER | FUNCTION ADDRESS 
loLD NUMBER OF DESTINATION CODE 
OUTPUT 
COMMAND CHANNEL NUMBER } FUNCTION RANGE 
OF DESTINATION CODE 
INTERRUPT CHANNEL NUMBER CHANNEL NUMBER| LEVEL 
OF DESTINATION OF SOURCE OF SOURCE 


Figure 2-13. Data and Address Bus Formats 
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number and a 6-bit function code, leaving the full 
range of possible memory addresses to be utilized 
for addressing memory. A 32K system will have 
all 32K words of memory addressable. 


MEMORY ADDRESSES 


The basic unit of addressing in Model 6/30 
systems is a word. The 6/34 and 6/36 have 16-bit 
program counters, 16-bit base (address) registers, 
and 16-bit absolute addresses within instructions. 
These 16 bits are used to address words in 
memory, and thus the direct addressing capability 
of 6/30 systems is 64K (65,536) words. 


The Level 6 Megabus has 24 address lines 
utilized to address memory to the byte level. 
Thus, the Megabus has an architecture that is 
“open-ended” in that it can support processors 
with a direct addressing capability of over 16 
million bytes. Seventeen of these lines are 
actually used by 6/30 systems. On _ word 
addresses, the least significant bit is zero, and thus 
only 16 bits need be generated by the processor. 

Many instructions executed by the processor 


0 
MEMORY 
ADDRESS 
(WORDS) 

WORD ADDRESS 1000 

+ BYTE COUNT 5 


= BYTE ADDRESS 


are byte instructions, which can generate either 
16 bit addresses or 17 bit addresses. A 16 bit 
address will always address the left-hand byte ina 
memory word; a 17 bit address can address either 
the left-hand byte or the right-hand byte, depend- 
ing on whether the least-significant (17th) bit is 0 
or 1. A 6/30 system can address 128K (131,072) 
bytes. 

Seventeen-bit byte addresses are generated in 
the central processor through the use of indexing. 
A byte count in an index register is shifted one 
place to the right before being added to a 16-bit 
word address. Thus, if an index register contained 
the quantity 5 and a word address of 1000 was 
specified, the fifth byte (starting at zero) would 
be selected from the left half of word 1000, or 
the right byte in word 1002 (see Figure 2-14). 
Notice that byte addresses are sequential (left to 
right) in memory and that data is thus in its 
correct sequence. * 

A similar scheme is used with bit instructions 
to address bits; in this case a bit count is shifted 
four places to the right prior to being added to a 
word address. 


1 —~<— 17th BIT 


etl 


17 BIT 


Figure 2-14. Byte Addressing 


SYSTEM ARCHITECTURE 


AS22 


SECTION 3 


CENTRAL PROCESSOR 
ARCHITECTURE 


This section describes the architecture of the 
6/34 and 6/36 central processors. From a func- 
tional point of view both processors are identical. 
The differences between the machines are in the 
amount of memory they can address, and in the 
number of peripherals each is capable of handling. 
For the purposes of this discussion they will be 
treated as one and the same. 


REGISTERS 


There are 18 registers visible to the pro- 
grammer: 


@ 7 general registers (R1-R7); 3 can be used as 
index registers (R1-R3) 

7 address registers (B1-B7) 

| program counter (P register) 

1 system status register (S register) 

| mode control register (M1 register) 

| indicator register (1 register) 


Details on the function and operation of these 
registers are given in the sections that follow. All 
these registers can be modified via the control 
panel. Three other registers can also be accessed 
from the control panel: 


® instruction register 
® memory address register 
® memory data register 


See Section 5 for control panel operation. 

Finally, there is a single 32-bit scientific 
register that is simulated by software and is used 
to store floating point operands. This register is 
utilized by the scientific instruction set that is 
automatically trapped to software routines in 
6/30 systems. 


DATA FORMATS 


The word length in 6/30 processors is 16 bits. 
All hardware registers are 16 bits in length except 
for the M1 register, which is an 8 bit register. 
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Within this framework the central processor has 
the ability to process doublewords (32 bits in 
length), words (16 bits), halfwords, or bytes (8 
bits), and single bits. 

Basically there are two types of data: signed 
data, used in arithmetic operations; and unsigned 
data, used for logical quantities, addresses, ASCII 
characters, or any other type of internal data 
coding. 

Unsigned data is usually expressed in hexa- 
decimal notation. Thus a 16-bit address can range 
from (0000); 6 to (FFFF)) 6. The contents of a 
byte can be expressed from (00)1 6 to (FF); 6. A 
16-bit word can contain two ASCII characters; if 
a word contained (4139), ¢, this would represent 
“A9” in ASCII. 

Arithmetic (signed) data is represented in two’s 
complement notation. All arithmetic is performed 
in binary, with single word (16 bit) values 
extending from -32,768 to +32,767. A signed 
value in a byte can range from -128 to +127. 
Figure 3-1 shows the various data types for both 
signed and unsigned data. 

A byte in memory can represent either an 
unsigned 8 bit quantity or an arithmetic value 
with a sign and seven bits. The byte can occupy 
the left- or right-hand half of a word. However, 
when the byte is loaded into a register, it will 
occupy the right half of the register. The left half 
will contain either zeros if a logical load instruc- 
tion was used, or the sign extended if an 
arithmetic load was used. See Figure 3-2 for 
examples. 

Floating point values occupy two words. The 
format for a floating point value is as follows: 


0 67 8 31 


Where C isa 7 bit value representing the charac- 
teristic expressed as an excess-64 power- 
of-sixteen exponent. 

S is the sign of the mantissa 
M is the magnitude of the mantissa 


GENERAL REGISTERS 


There are seven general registers (R-register) in 
Model 6/30 central processors. These registers are 
numbered R1 through R7. It is possible to load 
these registers from memory either a word or a 
halfword at a time. It is possible to store them in 
memory either a word or a halfword at a time. (If 
a halfword store is done, it is the right half of the 
register that is stored.) It is possible to load and 
store two of them (R6 and R7) as a single 
doubleword. It is possible to shift each register 
individually or it is possible to shift them as pairs 
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SIGNED DATA (TWO’S COMPLEMENT) RANGE 


SIGN 
+ ABOUT 
DOUBLE-WORD 
EME 2 BILLION 


01 


31 
0 1 15 
BYTE fs] -128 to +127 
01 7 


we =f +4 065,885 (HEX o000.FFFF 
0 
er i 0-255 (HEX 00-FF) 


0 
BIT | 00R1 
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Figure 3-1. Data Formats 


BYTE IN 
BYTE IN LOGICAL REGISTER 


LOAD 
[rtiiiiio0] 0 7 8 15 


0 7 ARITHMETIC 
0 7 8 15 
00 01000001 16 
ee 00000 ais 
| 01000001 | 0 


LOAD 


ARITHMETIC 
0 7 = 100000000 )01000001 | (465),, 
LOAD 


0 7 8 15 


Figure 3-2. Byte Formats 
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(even/odd pairs) and it is possible to use these 
registers as operands in arithmetic, logical, and 
compare operations. In addition, the first three 
registers (RI! through R3) also double as index 
registers and may be used to store doubleword, 


word, halfword, or bit counts. These quantities - 


are used to modify the addresses of words in 
memory. See Figure 3-3. 


R1-R3 ALSO USED 
AS INDEX REGISTER 


R6, R7 CAN BE USED AS 
SINGLE 32-BIT REGISTER 
FOR DOUBLEWORD OPERANDS 


BYTES ARE LOADED/STORED TO/FROM 
RIGHT HALF OF REGISTER. LEFT HALF 
WILL CONTAIN ZEROES (LOGICAL LOAD) 
OR SIGN EXTENDED (ARITHMETIC LOAD). 


Figure 3-3. General Registers 


ADDRESS REGISTERS 


In addition to the seven general registers in 
6/30 systems, there are seven address registers. 
These are also known as base registers and are 
numbered B1 through B7. It is a very important 
concept of Level 6 architecture that the general 
(R) registers are separate from the address (B) 
registers. While in the implementation of 6/30 
systems both types of registers are 16 bits in 
length, it will be possible on future models to 
have the B-registers twice as long, thus taking 
advantage of the full addressing capability of the 
Level 6 bus. 

The seven base registers can be used for 
formulating addresses by pointing to any pro- 
cedure, data, or arbitrary location in the system. 
Address registers will typically contain addresses 
and are not used for arithmetic calculations. 
However, they do have the capability of being 
automatically incremented or decremented during 
instruction execution. This allows them to be 
used to scan arrays either forwards or backwards 
and also allows 6/30 systems to conveniently 
utilize stacks. 

Details of how base registers are used in 
formulating addresses are given later, in the 
addressing techniques section below. Addresses in 
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6/30 systems are normally expressed as four 
hexadecimal digits, with the memory addresses 
running from 0000 through FFFF. 


PROGRAM COUNTER 


The program counter, or P register, is a 16 bit 
register that points to the next instruction to be 
executed in 6/30 systems. Instruction length is 
variable. The majority of instructions are one or 
two words in length, but certain instructions can 
be as long as six. The program counter is always 
incremented during instuction execution to point 
to the next sequential instruction. Thus, for 
example, if a two-word instruction is executed, 
the program counter will be incremented by two 
during its execution. 


INDICATOR (I) REGISTER 


This is a 16 bit register that contains various 
single-bit indicators. The register format is as 
follows: 


I Register 


0 8 101112131415 


The indicators contained in this register can be 
grouped as follows: 


@ Arithmetic indicators 
OV — overflow indicator 
C — carry bit 
@® Comparison indicators 
G — greater than indicator 
L — less than indicator 
U — unequal signs indicator 
@ Bit indicators 
B — bit test indicator 
@ 1/O Indicator 
I — input-output indicator 


ARITHMETIC INDICATORS 


Two indicators are affected by arithmetic and 
shifting operations: the overflow (OV) indicator 
and the carry (C) indicator. The overflow indi- 
cator will be set when any of the seven general 
registers ‘“‘overflows,’’ that is, when an arithmetic 
result produced is larger than the capacity of the 
register. For example, adding the quantity 1 toa 
register that contains +32,767 (7FFF) 6 will 
set overflow because the arithmetic capacity is 
exceeded. The register would contain (8000), ¢; 
or -32,768 after the addition. If the data were not 
to be interpreted as signed data, the overflow 
could be ignored. 
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The carry (C) indicator, conversely, is set when 
the logical capacity of a register is exceeded. Thus 
if 3 were added to a register that contained 
(FFFE); 6, a carry to the 17th bit would be 
produced, i.e., the answer would be (1) (0001) 6. 
However, if these were arithmetic quantities, 
(FFFE), 6 would represent -2, and adding +3 to it 
would produce (0001), a this is the correct 
answer and thus the carry could be ignored. 


COMPARISON INDICATORS 


The three indicators which are controlled by 
compare instructions are the greater than (G), less 
than (L), and unlike signs (U) indicators. These 
one bit indicators contain the results of the last 
compare instruction executed by the computer 
and in turn can be tested by other central 
processor instructions (see branch on indicator in 
Section 4). 

A comparison is typically executed between a 
register and a word in memory. If the contents of 
the register are greater, the G indicator will be set; 
if the contents of memory are greater, the register 
is less and L will be set. 


OTHER INDICATORS 


Two other indicators are extremely useful to 
the programmer; the (B), or bit test, indicator; 
and the (J), or input/output, indicator. 


Bit Test Indicator 

This can be considered a one bit register loaded 
by load bit instructions. Not only can it be loaded 
from any bit in any word of memory, but it can 
also be set if any of a group of bits in a word in 
memory is set. The selection is done under the 
control of a 16 bit mask and is very useful for 
testing bit patterns in memory. 


Input/Output Indicator 

The I bit serves to store an indication of 
whether the last input/output command was 
successful. For example, if the central processor 
issues a command output to a peripheral channel 
that is busy, the peripheral channel will issue a 
“NAK’’, which in turn will cause the I/O indi- 
cator to be set. Software can then test this 
indicator and determine what alternate action to 
take. 


M1 REGISTER 


Another control register is the mode control 
register, or M1 register. This is an eight-bit register 
that controls whether certain conditions will 
cause traps or not. 
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Register 


Overflow trap control bits 
Trace trap control bit 


The seven overflow trap control bits are associ- 
ated with the seven general registers, R1-R7. If 
overflow in any one of these occurs and if the 
corresponding trap control bit is set, a trap will 
occur through trap vector 6. This facility saves 
the programmer from having to test the result of 
every arithmetic operation for overflow, and yet 
also guarantees that overflow will not go unde- 
tected. 

The other bit in this register, bit zero, is the 
trace trap enable bit, also known as the J bit. 
When this is enabled, all jumps and branches that 
are executed in a program will cause a trap to the 
trace entry location. This bit therefore allows a 
programmer to trace a code without having to 
modify its procedure at all. 


S REGISTER 


The third control register in Level 6/30 systems 
is a 16 bit register known as the S register, or 
status register. This register contains three fields, 
as shown below: the privileged state indicator 
(P), the interrupt priority level, and the processor 
ID. 


T 7 


0 | 6 9 10 15 


PRIVILEGED STATE INDICATOR 


There are two modes of instruction execution 
on 6/30 systems — user mode and privileged 
mode. The privileged bit in the S register defines 
this mode. If it is not set, the processor is in the 
user mode and will automatically trap when 
certain instructions are attempted. Input/output 
command instructions plus the interrupt level 
change instruction are privileged instructions and 
can be executed only when the privilege mode bit 
is set. They will be automatically trapped if 
attempted in user mode. By utilizing this hard- 
ware feature, systems can be protected against 
unauthorized use of input/output by user 
routines. 


PRIORITY LEVEL 


The 6 bit level contained in the S register 
defines the priority level on which the processor 


AS22 


is currently executing instructions. Upon inter- 
rupt requests from other units, it also determines 
whether the interrupting unit is of higher, equal, 
or lower priority. Only higher priority interrupt 
‘requests are granted. When an interrupt occurs, 
the level of the interrupting unit replaces the level 
in the status register of the interrupted level. The 
old level is always automatically stored. See the 
section on interrupts below for further details of 
this operation. 


PROCESSOR ID 


This is a 4 bit field that is fixed during system 
configuration. It is typically zero (a second 
processor in the system would have an ID of 
0001). These 4 bits are used as the four least 
significant bits of the 10 bit channel number for 
the processor itself. The high 6 bits are always 
zero. Thus, the processor ID and the processor 
channel number are for all intents and purposes 
synonymous. 

The processor ID in the S register is hard-wired 
and cannot be changed under program control. 


SUMMARY OF PROGRAM VISIBLE 
REGISTERS 


Thus 18 registers are visible to the pro- 
grammer: seven general registers (R1 through 
R7), seven address registers (B1 through B7), one 
program counter (P register), and three control 
registers — the S register (status), the I register 
(indicator), and the M1 register (mode control 
register). These are shown in Figure 3-4. Of the 
18 registers, two are automatically saved and 
restored upon interrupt (the S register and the P 
register). The other 16 have their context stored 
and restored under firmwave control according to 
a 16 bit mask. This mask, which is also used by 
the save context (SAVE) and restore (RSTR) 
instructions, is set up under program control. Its 
format is as follows: 


Interrupt Save Mask 


INTERRUPTS 


There are 64 levels of interrupt, numbered 
from 0 to 63; level 0 has the highest priority 
Clearing the computer puts it into level 0, which 
in effect makes it uninterruptable. 

Associated with each interrupt level is a dedi- 
cated memory location that contains the inter- 
rupt vector. These locations, extending from 
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address 0080 to address OOBF, contain a pointer 
to an interrupt save area. The interrupt save area 
needs only to be set up by those levels which are 
active in a particular program. Each interrupt save 
area has five fixed locations and up to 16 more 
variable locations. These locations are as follows: 


1. DEV — in this location the channel number 
and device ID of the interrupting device are 
automatically stored. 

2. ISM — this location contains the interrupt 
save mask (see above). This mask controls 
which of the 16 registers will be saved in the 
variable portion of the interrupt save area. 

3. Reserved for future use. 


4. P— in this word the program counter of the 
interrupt level is stored. It also acts as a 
pointer to the interrupt handling procedure 
for a new level, or upon restoration of an 
interrupted level, to the location of the next 
instruction to be executed. 

5.S— this is where the status register is 
automatically stored. Note that when a new 
interrupt level is set up, the S register is 
loaded from this location only as far as the 
privileged mode bit is concerned; the level is 
generated automatically, and the processor 
ID is hardwired. 


SYSTEM STATUS REGISTER PROGRAM COUNTER 


s(t [ie] » 
0 


GENERAL REGISTERS ADDRESS REGISTERS 


MODE CONTROL REGISTER 


ws [fsf2}s} also] 
7 


0 


INDICATOR REGISTER 
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Figure 3-4. Register Complement 


Words 6-21 are locations for saving the 16 
machine registers under control of the interrupt 
save mask. If the interrupt save mask is all zeros, 
none of these words will be reserved. 
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The sequence of storage is as specified in the 
interrupt mask from right to left, that is, B7 first 
and M1 last. 

It should also be noted that the word prior to 
the one pointed to by the interrupt vector, that 
is, the word prior to the device word, is also a 
dedicated word. This is called the TSAP and 
points to a trap save area. See discussion of traps 
below. 

Figure 3-5 shows this action of an interrupt. 
Both levels 20 and 30 have had their interrupt 
save areas set up — level 20’s at AB20, as pointed 
to by its vector at 0094; and level 30’s at 1000, as 
pointed to by its vector at OO9E. 

If level 30 is interrupted by level 20, firmware 
automatically saves the register contents in the 
level 30 interrupt save area and loads the register 
with the values in the level 20 interrupt save area. 
One of these values is the starting address of the 
level 20 interrupt subroutine which is automati- 
cally loaded (in this example) from location AB23 
into P. 

Associated with each interrupt level is a dedi- 
cated flag bit which is set when the interrupt is 
initiated. These bits are stored in four dedicated 
memory locations, 0020-0023. In the example 
above, both bits 20 and 30 would be set. At the 
end of the interrupt routine for level 20, a level 
change instruction (LEV) would be executed. 
This would clear the bit for level 20 and then scan 
the table to determine which was the next highest 
scheduled level. If no intermediate interrupts 
(such as level 25) were pending, it would scan the 
table, find bit 30 set, and therefore return to level 
30. 

The LEV instruction can set or reset activity 
flags, change the current level, inhibit interrupts, 
or do a “quick change’? without saving and 
restoring context. By changing the current level 
to level 3 all device interrupts can be inhibited; 
level 2 (overflow of trap context scan area), level 
1 (watchdog timer runout), and level O (incipient 
power failure) will still be enabled. Table 3-1 
shows the assignment of interrupt levels. 


TRAPS 


Traps are caused by events such as overflows, 
parity errors, addressing non existent resources, 
or executing a scientific instruction. A trap can 
occur. at any priority level, and several can be 
nested at the same level. A trap could be entered 
at one level, that level interrupted during the 
execution of the trap routine, and then the same 
trap routine reentered in the new level. See Table 
3-2. 
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TABLE 3-1. EVENT INTERRUPT LEVEL 


Event Causing 
Interrupt 


Incipient Power 
Failure 

Watchdog 
Timer Runout 

Overflow of 
Trap Context 
Save Area 

Real Time 
Clock 


Device Requir- 
ing Service 


LEV Instruction 


TABLE 3-2. 


Vector # 


Vector #1 
Vector #2 
Vector #3 
Vector #4 
Vector #5 


Vector #6 


Vector #7 
Vector #8 
Vector #9 
Vector #10 
Vector #11 
Vector #12 
Vector #13 


Vector #14 
Vector #15 
Vector #16 


Vector #17 


Vector #18 
thru 
Vector #46 


| 


ASSIGNMENT 


Level 
Assignment 


Comment 


Highest priority 


Level is contained 
in main memory 
location 0016 
(HEX) 

Level is either fix 
wired or dynam- 
ically controlled 
by software 

Level specified in 

instruction 


TRAP VECTORS AND EVENTS 


Monitor call (MCL instruction) 

Trace (debug) or BRK instruction 

Scientific operation not in hardware 

Reserved for future use 

Other operation not in hardware (or 
undefined) 

Integer arithmetic overflow (if 
enabled) 

Reserved for future use 

Reserved for future use 

Reserved for future use 

Reserved for future use 

Reserved for future use 

Reserved for future use 

Unprivileged use of privileged opera- 
tion 

Reserved for future use 

Reference to unavilable resources 

Program Logic Error. (RTT exe- 
cuted with TSAP having a NULL 
value.) 

Memory error (parity non-correctable 
ECC) detected 


Reserved for future use 


AS22 


63 INTERRUPT 


LEVELS ...... oc ceeeccce cee 


-EACH WITH 
A DESIGNATED 
MEMORY LOCATION... ...cccccccccccccsccvcccccceccccseessessTHAT CAN BE LOADED 
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LEVEL 20 15A 


1001 AB21 
1002 AB22 
1003 AB23 
1004 AB24 
VARIABLE, 
UNDER CONTROL OF 
MASK SEQUENCE: 
VARIABLE 
UNDER CONTROL OF 
IF CP OPERATING AT LEVEL 30 MASK SEQUENCE: 
IS INTERRUPTED BY LEVEL 20; 
P REG STORED IN 1003 
S STORED IN 1004 
REGISTERS STORED IN 1005 
ON UP AS DETERMINED BY | 
MASK IN 1001 R7 
REGISTERS LOADED FROM AB25 R6 
ON UP AS DETERMINED BY MASK R5 
IN AB21 R4 
§ LOADS WITH LEVEL 20 AND R3 
P BIT FROM AB24 R2 
P LOADS WITH AB23 R1 
Mi 
Figure 3-5. Interrupt Action 
CENTRAL PROCESSOR 
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Each type of trap has its own trap vector 
containing a pointer to the trap, handling pro- 
cedure. Also utilized is a pointer in location 10 to 
the next available trap save area. The latter are 
pooled, and pointers to the next available area are 
automatically adjusted by firmware. Upon a trap 
taking place, certain, but not all, register contents 
are automatically stored in the trap save area. The 
pointer in the first word of the interrupt save area 
for the current level is adjusted so that it points 
to the trap save area; the pointer in the trap save 
area points to any other traps that occurred at the 
same interrupt level. Thus several traps may be 
nested at the same interrupt level. At the end of 
the execution of the trap-handling procedure, a 
return from trap (RTT) must be executed; this 
does a restoration of the partial context that was 
stored, unlinks the trap save area, and returns all 
pointers to their original state. 


The relationship of traps and interrupts and 
their vector linkage are shown in Figure 3-6. The 
trap vector (TV) points to the trap handler 
procedure. The trap save areas contain the follow- 
ing information: 


TSAL — Trap save area link 
I — Contents of indicator register 


R3 — Contents of register R3 
Inst — The instruction causing the trap 
Z — Miscellaneous information 
A — The address of the instruction fol- 
lowing the traffic instruction (not 
necessarily the next to be executed) 
CENTRAL PROCESSOR 
ARCHITECTURE 
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P — The program counter; e.g. on a 
branch the location to which the 
branch would go if it were not 
trapped 


B3 — The contents of register B3. 


Note that the address of this area is noted in the 
Trap Save Area Pointer (TSAP) in the interrupt 
save area for the current level. 


TRAP 
SAVE AREA 


INTERRUPT 
SAVE AREA 


TRAP 
HANDLER 
PROCEDURE 


WORK 
T SPACE 'T’ 


SELECTED 
REGISTERS 
CONTROLLED 
BY INTERRUPT 
SAVE MASK 
INTERRUPT 
HANDLER 
PROCEDURE 


Figure 3-6. Trap Vector and Interrupt Vector Linkage 
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SECTION 4 


INSTRUCTIONS & 
ADDRESSING 


INSTRUCTION SET SUMMARY 


The Model 6/30 instruction set consists of over 
100 instructions, grouped as follows: 


Double Operand 

Single Operand 

Branch on Register 

Branch on Indicator 

Short Value Immediate 

Shift 

Generic 

Input/Output 

Scientific instruction executed interpretively 


These are ‘surnmarized below. The instruction 
formats for each type and the addressing modes 
are detailed later in this section. 


1. Double Operand instructions are memory 

reference instructions in which the first 
operand is a register address and the second 
operand is usually a memory address, al- 
though for register to register instructions; 
the second address can also specify a regis- 
ter. A typical double operand instruction is 
an (ADD) instruction, which adds the con- 
tents of the addressed memory location (or 
register) to the general (R) register specified 
by the first operand. Thus, the instruction 
ADD $R1, LOC adds the contents of mem- 
ory location “LOC” to register R1 Me 

2. Single Operand instructions can address 
memory (or a register) in the same way as 
double operand instructions, but they do 
not need a register address. A typical single 
operand instruction is the Clear (CL) instruc- 
tion, which clears the addressed memory 
location to zero. In assembly notation, this 
instruction could be written as follows: CL 
LOC. 


‘Instruction examples will be given in Assembly Notation. For 
details, see the Level 6 Assembly Language Manual, Order 
No. AS31. 
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3. Branch on Register instructions are similar 


to double operand instructions in that they 
must specify a general register, R1 through 
R7, and also a memory address to which 
control will be transferred if the tested 
condition is true. A typical branch on 
register instruction is Branch if Register Odd 
(BODD), which might be written as follows: 
BODD $R6, LOC. This would test register 6 
to see whether it were even or odd, and if it 
were odd the program would branch to 
location LOC. 


4. Branch on Indicator instructions are similar 


to branch on register instructions, but the op 
code specifies an indicator and no register 
address is required. A typical instruction is 
Branch if Greater than (BG), which will 
branch if the G (greater than) indicator is 
set. This will be written as follows: BG LOC. 


._ Short Value Immediate instructions do not 


reference memory but specify a register and 
an 8-bit immediate operand which is con- 
tained in the instruction itself. For example, 
if it were desired to add the quantity 2 to 
register R3, the Add Value (ADV) instruc- 
tion could be used. This would be written as 
follows: ADV $R3, =2. 


_ Shift instructions are used to shift either 


single general registers or pairs of general 
registers. The first operand specifies the 
register itself or, in the case of a double 
word shift, the right-hand (odd) register of a 
pair. The second operand usually specifies 
the number of positions to be shifted. A 
typical shift instruction is shift closed left 
(SCL), which rotates the contents of a 
register ‘“n” positions to the left. For 
example, to rotate R6 four places to the left, 
the following instruction would be used: 
SCL $R6, 4. To rotate both 6 and 7 
together, a double closed left would be 
utilized: DCL $R7, 4. 


Generic instructions have no variable ad- 


dresses and need only an op code. Typically, 
these are control instructions. A typical 
instruction in this group is Monitor Call 
(MCL), which generates an automatic trap 
via vector 1. 


_Input/output instructions enable the proc- 


essor to communicate directly with input/ 
output channels by sending the channel 
either an output command or an input 
command request (see Section 2). A typical 
I/O command is the I/O load ({OLD) 
instruction, which sends both an address and 
a range to the addressed channel. Thus, this 
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instruction has three operands and could be 
written as follows: IOLD ADDR, CHAN, 
RANGE. This instruction in machine lan- 
guage, depending upon the address form 
used, could occupy from 3 to 6 words of 
memory. 

9. Scientific instructions on 6/30 systems are 
not implemented by hardware; the op codes 
cause traps to software routines. 


INSTRUCTION FORMATS AND ADDRESSING 
MODES 


Single and Double Operand Instructions 
The format for single and double operand 
instructions is as follows: 


0 1 3 4 8 9 15 
op code address syllable 

! optional L 
Ra et esa ate et oe 4 


Single Operand # bits 1-3 will be zero 


Instruction: 
Double Operand # bits 1-3 will specify a 
Instruction: register number from 


1-7, 


The significance of the bits is as follows: bit 0 
is always a 1; bits 1, 2 and 3 will be O for single 
operand instructions and will define a register 
number (1-7) in double operand instructions (the 
op code will define whether this is one of the 7 
general (R) registers or one of the 7 address (B) 
registers); bits 4 to 8 define the operation code; 
bits 9-15 are the Address Syllable and are used to 
define either: 


@ a location in memory that contains an 
operand 

© aregister that contains an operand 

@ an immediate operand, where the operand 
is contained in the second word of the 
instruction. 


Single and double operand instructions can be 
, either one word or two words in length depending 
on the addressing mode utilized. The addressing 
mode is defined by the address syllable. Instruc- 
tions that address a register are one word in 
length; instructions that utilize an immediate 
operand are considered to be two words in length, 
including the operand, since the program counter 
is incremented by two in order to access the next 
instruction; and finally, instructions that address 
operands in memory can be either one or two 
words in length depending on the addressing 
mode used; these are as follows. 
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Absolute addressing (also called immediate 
address mode). These are two word instruc- 
tions where the second word contains a 16-bit 
absolute address. This address can be 


© direct address 

® an indirect address 

@ a direct address indexed by the contents 
of R1, R2, or R3. 

® an indirect address that is post-indexed by 
the contents of R1, R2, or R3. 


Base addressing. These are one-word instruc- 
tions that define one of the seven address 
registers (B1-B7) as containing the address of 
the operand. The address in the register can be 


a direct address 

a direct address indexed 

an indirect address 

an indirect address post-indexed. 


In addition, some extremely powerful addi- 
tional modes of base addressing are provided. 
These are still all one word instructions: 


@ Base, pre-decremented (also called push 
addressing). In this mode one is sub- 
tracted from the contents of an address 
register prior to its being used as an 
address — unless it is a doubleword load 
or store, in which case two is subtracted. 

@ Base, post-increment (also called pop 
addressing). Here one (or two, as above) is 
added to the contents of an address 
register after it has been used as an 
address. 

@ Base, auto-indexed. Here the contents of 
an index register R1, R2, or R3 are either 
pre-decremented (push indexed) or post- 
incremented (pop indexed) before/after 
being added to the contents of an address 
register B1, B2, or B3. 


Relative addressing. These are two-word 
instructions where the second word contains an 
algebraic displacement (+32K) relative to either 
the program counter (P relative), an address 
register (Base relative), or the interrupt vector 
for the current central processor level (IV 
relative). The resultant address can be utilized 
as either a direct or an indirect address (except 
for IV relative, which is direct only). 


Summary of Single and Double Operand 
Instruction Addressing Modes 

Table 4-1 summarizes the addressing modes. 
Note the major breakdowns of register addressing, 
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TABLE 4-1. SUMMARY OF ADDRESSING MODES FOR SINGLE AND DOUBLE 
OPERAND INSTRUCTIONS 


Types of 
Addressing 


Operand 
Location 


Register Register Addressing 


Instruction Immediate Operand 

Memory Absolute (Immediate Address) 
e Direct 
@ Indirect 
@ Indexed 


@ Indirect Indexed 


Base Addressing 
e@ Direct 

Indirect 

Indexed 

Indirect Indexed 
Pre-Decrement 
Post-Increment 
Auto-Indexed, 
Pre-Decrement 
Auto-Indexed, 
Post-Increment 


Relative Addressing 
@ P-Relative 
Direct 
e P-Relative 
Indirect 
e@ Base Relative, 

Direct 
@ Base Relative, 
Indirect 
e@ Interrupt Vector 
Relative 


memory addressing, and immediate addressing. 
An assembly language example for an add instruc- 
tion is shovn next to each mode. For further 
information on instruction addressing in assembly 
language, see the referenced assembly language 
manual for Level 6 systems. 


Branch Instructions 

There are two types of branch instructions: 
branch on register and branch on indicator. The 
format is as follows: 


01 3 4 8 9 15, 
pL | epee | aiphonent 
i optional H 
a a as aes 4 
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Instruction 


Length Assembly Example 
(Words) Using ADD Command 
ADD $R6, =$R5 


ADD $R6, =1000 


ADD $R6, <LOC 

ADD $R6, *<LOC 
ADD $R6, <LOC. $R3 
ADD $R6, *<LOC. $R3 


ADD $R6, $B7 

ADD $R6, *$B7 

ADD $R6, $B7. $R3 
ADD $R6, — $B7.$R3 
ADD $R6, —$B7 
ADD $R6, +$B7 
ADD $R6, $B3.—$R3 


ADD $R6, $B3. +$R3 


ADD $R6, LOC 
ADD $R6, *LOC 
ADD $R6, $B7.—5 


ADD $R6, *$B7.7 


ADD $R6, $IV.7 


A branch on indicator instruction will have 
zeros in the register field, bits 1 through 3, while 
a branch on register instruction will have the 
number (from 1 to 7) of one of the general (R) 
registers. 

These instructions again can be either single- or 
doubleword instructions. Three addressing modes 
are possible with branch instructions: displace- 
ment, relative, and absolute. 

Displacement Addressing 

In this mode an 8-bit displacement is contained 
within a one-word instruction. The displacement 
is a 7-bit algebraic quantity that is applied to the 
contents of the program counter. Utilizing this 
mode of addressing, the program can branch to 
64 locations prior to the instruction or 63 
locations after it. Displacements of zero and one 
are not allowed. 
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Relative Addressing 

This mode of addressing is identical to the 
P-relative addressing mode in single and double 
operand instructions. The second word of the 
instruction contains a signed 16-bit value (+32K), 
which is applied to the contents of the program 
counter. 


Absolute Addressing (Immediate Address) 

Again this is identical to single and double 
operand instructions. In this mode a two-word 
instruction is used, with the second word con- 
taining an absolute 16-bit word address that 
describes a branch location from 0 to 64K. 


Summary of Branch Instruction 
Addressing Modes 

Table 4-2 shows the three types of addressing 
modes that can be utilized with branch instruc- 
tions together with the assembler mnemonics for 
each. 


TABLE 4-2. BRANCH INSTRUCTION 


ADDRESSING FORMS 
Short Displacement | Word BG >LOC 
Long Displacement 2 Words BG LOC 
(P-Relative) 
Absolute (Immediate 2 Words BG <LOC 
Address) 


a 


Short Value Immediate Instructions 
The format for these instructions is as follows: 


0 | 3 4 78 15 


Oia op code | value | 


Bits 1-3 must specify a general (R) register 
number. Bits 8-15 contain an arithmetic value 
between -128 and +127. This value (with its sign 
extended) is used as an operand by the instruc- 
tions that utilize this addressing form. 


SHORT VALUE IMMEDIATE ADDRESSING FORM 


Short Value Immediate 1 Word ADV $R6, =6 


Shift Instructions 
Shift instructions have the following format: 


0 1 3 4 7 8 15 


fo} née | 0000 type & distance 
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Bits 8-15 are used to specify the type, direction 
and number of bits to be shifted. If the number 
of bits field is zero, register R1 will contain the 
shift distances. Short shifts can specify a distance 
of up to 15 bits; long shifts, up to 31 bits. Bits 
1-3 specify a general (R) register number. If a 
double shift is to be executed, this field must 
address the right-hand (odd) register. 


ADDRESSING MODE 
Short shift 1 Word SAL $R5, 6 
Long shift 1 Word DAL $R5, 26 


Generic Instructions 
Generic instructions have the following format: 
Bits 0-7 must be zeros, while bits 8-15 specify 
the function. 


0 7 8 1S 


00000000] function 


Input/Output Instructions 

There are two types of input/output instruc- 
tions. The first type is used by the input/output 
word (IQ) or by the input/output halfword (IOH) 
instructions. This is the instruction that is used to 
place an [/O command on the level 6 Megabus 
(see Section 2). An I/O command consists of a 
channel number, a function on the address bus, 
and a 16-bit data word on the data bus. The 
instruction format to do this is as follows: 


l 3 4 8 9 15 


optional 


0 9 


~ Le]e 


10 15 


The address of the data word is defined by the 
Data Address Syllable (DAS) in the least signifi- 
cant 7 bits of the instruction and by a second 
word if needed. The addressing forms are the 
same as single word operand addressing and the 
second word will be needed for absolute address- 
ing, relative addressing, or base plus deplacement 
addressing modes. The last word of the instruc- 
tion contains the channel address and the func- 
tion code. If it is desired not to embed the 
channel number and the function code in the 
procedure, then the instruction can take the 
following format: 
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optional 


000000x x x{ CAS. 


optional 


In this case the Channel Address Syllable 
(CAS) bits point to the location of a word 
containing the channel and function. Again, a 
second word may be required to define this 
address. 

The second type of I/O instruction is the ILOLD 
instruction. This is similar except that instead of 
placing one word of data on the I/O bus it places 
two words of data. These two words are specifi- 
cally the address and range that are required to 
set up a DMA transfer. The format is the same as 
for the I/O instructions above, except that a third 
address must be specified. Again, this can be one 
or two words, depending upon the addressing 
mode utilized. The two cases are thus as follows, 
with the first embedding the control in the 
procedure and the second having the control 
word nonprocedural: 


0 1 3 4 8 9 15 
1]0 0 0J/0 0 0 1 1] AAS 
! optional 


xXx X X X X X X X X RAS 


t ‘ ' 
optional 


AAS — address syllable defining buffer address 
RAS — address syllable defining location of range 


ifoo ofoo oti} sas 


optional 
000000 x x x} CAS 

optional 

| optional | 


CAS — address syllable defining location of word 
containing channel and function 


Scientific Instructions 
Scientific instructions do not have unique 

formats; they take the formats of either single or 

double operand instructions. Note that they are 
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ADD 


not executed by hardware but rather cause traps 
to unique software routines which execute the 
instructions. These instructions, described in the 
referenced assembly language manual, are as 
follows: 


SAD Scientific Add 

SCM Scientific Compare 

SCZD Scientific Compare with Zero 
SDV Scientific Divide 

SLD Scientific Load 

SML Scientific Multiply 


SNGD _ Scientific Negate 
SSB Scientific Subtract 
SST Scientific Store 


SSW Scientific Swap 


INSTRUCTION SET 


The instructions that are implemented by 
hardware are described in detail on the pages that 
follow. 


ADD 


Instruction: 
Add to R-register 


Type: 
Double Operand 
Format: 
0 | 3 4 8 9 15 
i] orn ft 0100 address syllable 
optional 
Dee een a at nee ee a ee, oo ee eee eS J 
Description: 


Adds the word at the effective address to the 
word contained in the designated R-register. The 
carry (C) and overflow (OV) indicators will be set 
if carry and/or overflow occurs respectively; 
otherwise they will be reset to zero. The address 
syllable can specify a memory location, an imme- 
diate operand, or another R-register. 

Some examples of addition: 


R-Register Effective Address R-Register Cc OV 
(Before) (Before & After) (After) (After) (After) 

+(32,766)10 +1 +32767 0 0 

+(32,767)10 #1 - 32768 0 

#1 a2 -1 0 0 

-1 +2 +] 1 0 

(FFFF)16 ee 0001 1 0 
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ADV/ANH/B 


ADV 


Instruction: 
Add Value to R-register 


Type: 
Short Value Immediate 
Format: 
0 1 3 4 7 8 15 


o] i110 
Description: 


Adds the value contained in the instruction 
(with the sign extended) to the designated R- 
register. Overflow (OV) and carry (C) indicators 
are set/reset according to the results of the 
addition. 


Rn 


AND 


Instruction: 
AND with R-register 


Type: 
Double Operand 


Format: 


0 1 3 4 8 9 15 


i} Rn [o 101 0 address syllable 


' optional 1 
Description: 

Logically AND’s the word at the effective 
address to the word contained in the designated 
R-register. No indicators are affected. The address 
syllable can specify a memory address, an imme- 
diate operand, or another R-register. 

The following chart illustrates the result of 
logically ANDing bits: 


First operand bit 


Second operand bit 


Examples: 
R-Register Effective Address R-Register 
(Before) (Before & After) (After) 
(ABCD)16 (OOFF) 16 (O0CD) 16 
(ABCD) 16 (7777) 16 (2345)16 
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ANH 


Instruction: 
Logically AND halfword (byte) with R-register 


Type: 
Double Operand 


Format: 
0 | 3 4 8 9 


i] Rn jorors 


\ optional 


address syllable 


Description: 

Logically AND’s the byte at the effective 
address (with its sign extended) to the word 
contained in the designated R-register. No indica- 
tors are affected. The address syllable can specify 
a memory address, an immediate operand, or 
another R-register, with the byte being positioned 
as follows: 


— memory location, not 


indexed — left byte 
— memory location, indexed 
index value even — left byte 
index value odd — right byte 
— immediate operand — left byte 
— R-register — right byte 


The following chart illustrates the result of 


logically ANDing bits: 
avoprmaon Polo lily 


eres OU 


Result 


Examples: 
R-Register Effective Address R-Register 
(Before) (Before & After) (After) 
(ABCD) 16 (FF) 16 (ABCD) 16 
(ABCD) 16 (77)16 (0045) 16 
B 
Instruction: 
Branch unconditionally 
Type: 
Branch on Indicator 
AS22 


Format: 
0 1 3 4 8 9 15 
CC 
eet ae Lc aes eee i 
Description: 


Branches to the specified location uncondition- 
ally unless the J bit in the mode control (M) 
register is set, in which case it traps to trap vector 


#2. 
BAG 


Instruction: 
Branch if algebraically greater than 


Type: 
Branch on Indicator 


Format: 


0 | 3 4 8 9 15 


optional 


Description: 

Branches to the specified location if either the 
greater than indicator (G) or the unlike signs 
indicator (U), but not both, is set. If the J bit in 
the mode control (M) register is set, and if the 
branch would have taken place, this instruction 
traps to trap vector #2. 


BAGE 


Instruction: 
Branch if algebraically greater than or equal to 


Type: 
Branch on Indicator 
Format: 
0 1 3 4 8 9 15 
I 
' optional 
fee ee ee en eee ee ee ee ee ee a 
Description: 


Branches to the specified location if either the 
less than indicator (L) or the unlike signs indica- 
tor (U), but not both, is equal to zero. If the J bit 
in the mode control (M) register is set, and if the 
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B/BAG/BAGE/BAL/BALE/BBF 


branch would have taken place, this instruction 
traps to trap vector #2. 


BAL 


Instruction: 
Branch if algebraically less than 


Type: 
Branch on Indicator 


Format: 


0 1 3.4 $ 9 15 


foo of oo 00] ainhernent | 


optional 


Description: 

Branches to the specified location if either the 
less than indicator (L) or the unlike signs indica- 
tor (U), but not both, is set. If the J bit in the 
mode control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BALE 


Instruction: 
Branch if algebraically less than or equal to 


Type: 
Branch on Indicator 


Format: 


0 1 3.4 8 9 15 


optional 


Description: 

Branches to the specified location if either the 
greater than indicator (G) or the unlike sign 
indicator (U), but not both, is equal to zero. If 
the J bit in the mode control (M) register is set, 
and if the branch would have taken place, this 
instruction traps to trap vector #2. 


BBF 


Instruction: 
Branch if bit-test indicator false 


Type: 
Branch on Indicator 
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BBF/BBT/BCF/BCT/BDEC/BE 


Format: 
Or 3 4 8 9 15 
[o] 0 0 [0 10 1 1] displacement | 
anne Se a yeas E 
Description: 


Branches to the specified location if the bit test 
indicator (B) is equal to zero. If the J list in the 
mode control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BBT 


Instruction: 
Branch if bit-test indicator true 


Type: 
Branch on Indicator 
Format: 
0 | 3 4 8 9 i) 
[ofo 0 ofo 1 olo displacement 
su eee ne oe ; 
Description: 


Branches to the specified location if the bit test 
indicator (B) is equal to one. If the J bit in the 
mode control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BCF 


Instruction: 
Branch if no carry 


Type: 
Branch on Indicator 
Format: 
Or 34 8 9 [5 
Se: ae | 
Description: 


Branches to the specified location if the carry 
indicator (C) is equal to zero. If the J bit in the 
mode control (M) register is set, and if the branch 
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would have taken place, this instruction traps to 
trap vector #2. 


BCT 


Instruction: 
Branch if carry 


Type: 
Branch on Indicator 
Format: 
0 | 3 4 8 9 15 
[oo 0 0 lo 1 1 00 | displacement | 
Senn 2:12 | rae | 
Description: 


Branches to the specified location if the carry 
indicator (C) is set. If the J bit in the mode 
control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BDEC 


Instruction: 
Branch and decrement 


Type: 
Branch on Register 
Format: 
0 | 3 4 8 9 1S 


displacement | 


Description: 

Subtracts one from the contents of the desig- 
nated R-register and then branches to the speci- 
fied location if the result is not equal to -1 (ie., 
branches unless the register initially contained 
zero). If the J bit in the mode control (M) register 
is set, and if the branch would have taken place, 
this instruction traps to trap vector #2. 


BE 


Instruction: 
Branch if equal 


Type: 
Branch on Indicator 
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Format: 
0 | 3 4 8 9 15 
joy 0 oft 00 1 0] dayneonent 
eer OOO: (a aaeeensuices 3 
Description: 


Branches to the specified location if neither the 
greater than indicator (G) nor the less than 
indicator (L) is set. If the J bit in the mode 
control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BEVN 


Instruction: 
Branch if R-register even 


Type: 
Branch on Register 


Format: 


0 | 3 4 8.9 15 


| optional 


Description: 

Branches to the specified location if bit fifteen 
of the designated R-register is equal to zero. If the 
J bit in the mode control (M) register is set, and if 
the branch would have taken place, this instruc- 
tion traps to trap vector #2. 


BEZ 


Instruction: 
Branch if R-register equal to 0 


Type: 
Branch on Register 


Format: 


0 | 3 4 8 9 15 


i optional 


Description: 

Branches to the specified location if the con- 
tents of the designated R-register are equal to 
zero. If the J bit in the mode control (M) register 
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BE/BEVN/BEZ/BG/BGE/BGEZ 


is set, and if the branch would have taken place, 
this instruction traps to trap vector #2. 


BG 


Instruction: 
Branch if greater than 


Type: 
Branch on Indicator 


Format: 


O47 3 4 8 9 15 


optional 


Description: 

Branches to the specified location if greater 
than indicator (G) is set. If the J bit in the mode 
control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BGE 


Instruction: 
Branch if greater than or equal to 


Type: 
Branch on Indicator 


Format: 


0 | 3 4 oo8 15 


optional 


Description: 

Branches to the specified location if the less 
than indicator (L) is equal to zero. If the J bit in 
the mode control (M) register is set, and if the 
branch would have taken place, this instruction 
traps to trap vector #2. 


BGEZ 


Instruction: 
Branch if R-register equal to or greater than 0 


Type: 
Branch on Register 
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BGEZ/BGZ/BINC/BIOF /BIOT/BL 


Format: 
0 | 3 4 8 9 15 
hese sie sie E 
Description: 


Branches to the specified location if bit zero of 
the designated R-registration is a zero. If the J bit 
in the mode control (M) register is set, and if the 
branch would have taken place, this instruction 
traps to trap vector #2. 


BGZ 


Instruction: 
Branch if R-register greater than O 


Type: 
Branch on Register 


Format: 


0 1 3 4 8 9 15 


optional 


Description: 

Branches to the specified location if bit zero of 
the designated R-register is equal to zero and if 
bits one to fifteen are not equal to zero. If the J 
bit in the mode control (M) register is set, and if 
the branch would have taken place, this instruc- 
tion traps to trap vector #2. 


BINC 


Instruction: 
Branch and increment 


Type: 
Branch on Register 
Format: 
QO | 3 4 8 9 15 


} optional 


Description: 
Adds one to the contents of the designated 
R-register and then branches to the specified 
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location if the result is not equal to zero (i.e., 
branches unless the register initially contains -1). 
If the J bit in the mode control (M) register is set, 
and if the branch would have taken place, this 
instruction traps to trap vector #2. 


BIOF 


Instruction: 
Branch if I/O indicator false 


Type: 
Branch on Indicator 


Format: 
0 | 3 4 8 9 15 


displacement | 


Description: 

Branches to the specified location if the I/O 
indicator (I) is equal to zero. If the J bit in the 
mode control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BIOT 


Instruction: 
Branch if I/O indicator true 


Type: 
Branch on Indicator 


0 | 3. 4 So 9 15 


jojo 0 ofor iio 


Description: 

Branches to the specified location if the I/O 
indicator (I) is set. If the J bit in the mode 
control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BL 


Instruction: 
Branch if less than 


Type: 
Branch on Indicator 


AS22 


Format: 
0 1 3 4 8 9 1S 
[oo ofoo 1 a0 
re CC err i 
Description: 


Branches to the specified location if the less 
than indicator (L) is set. If the J bit in the mode 
control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BLE 


Instruction: 
Branch if less than or equal to 


Type: 
Branch on Indicator 
Format: 
0 | 3 4 8 9 15 
foJoo ofoo 1 1 1] apse 
ee optional | 
Description: 


Branches to the specified location if the greater 
than indicator (G) is equal to zero. If the J bit in 
the mode control (M) register is set, and if the 
branch would have taken place, this instruction 
traps to trap vector #2. 


BLEZ 


Instruction: 
Branch if R-register equal to or less than 0 


Type: 
Branch on Register 
Format: 
0 | 3 4 8 9 15 
mee bese ere ees 4 
Description: 


Branches to the specified location if bit zero of 
the designated R-register is equal to one, or if the 
contents are equal to zero. If the J bit in the 
mode content (M) register is set, and if the branch 
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BL/BLE/BLEZ/BLZ/BNE/BNEZ 


would have taken place, this instruction traps to 
trap vector #2. 
BLZ 


Instruction: 
Branch if R-register less than 0 


Type: 
Branch on Register 
Format: 
Ol 3 4 8 9 15 
emia A Saaeen aee ee : 
Description: 


Branches to the specified location if bit zero of 
the designated R-register is a one. If the J bit in 
the mode control (M) register is set, and if the 
branch would have taken place, this instruction 
traps to trap vector #2. 


BNE 


Instruction: 
Branch if not equal 


Type: 
Branch on Indicator 
Format: 
0 | 3 4 8 9 15 
ojo op oor 
Peterlee optional i 
Description: 


Branches to the specified location if either the 
greater than indicator (G) or the less than 
indicator (L) is set. If the J bit in the mode 
control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BNEZ 


Instruction: 
Branch if R-register not equal to 0 


Type: 
Branch on Register 


AS22 


BNEZ/BNOV/BODD/BOV/BRK/BSE 


Format: 
0 | 3 4 8 9 15 
[0 | Rn | 1 00 1 displacement 
ne i ee i 
Description: 


Branches to the specified location if the con- 
tents of the designated R-register are not equal to 
zero. If the J bit in the mode control (M) register 
is set, and if the branch would have taken place, 
this instruction traps to trap vector #2. 


BNOV 


Instruction: 
Branch if no R-register overflow 


Type: 
Branch on Indicator 


Format: 
0 | ae 8 9 15 


[oo 0 ofol 00 | 


i optional 


displacement 


Description: 

Branches to the specified location if the over- 
flow indicator (OV) is equal to zero. If the J bit 
in the mode control (M) register is set, and if the 
branch would have taken place, this instruction 
traps to trap vector #2. 


BODD 


Instruction: 
Branch if R-register odd 


Type: 
Branch on Register 


Format: 


Laer 


optional 


Description: 

Branches to the specified location if bit fifteen 
of the designated R-register is equal to one. If the 
J bit in the mode control (M) register is set, and if 
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the branch would have taken place, this instruc- 
tion traps to trap vector #2. 


BOV 


Instruction: 
Branch if R-register overflow 


Type: 
Branch on Indicator 
Format: 
0 | 3.4 8 9 15 
fo}0 0 0] 0! 000 displacement 
ae, ig) Lea : 
Description: 


Branches to the specified location if the over- 
flow indicator (OV) is set. If the J bit in the mode 
control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


BRK 


Instruction: 
Breakpoint 


Type: 
Generic 
Format: 
0 7 8 15 


0000000 0/00000 10 


Description: 
Causes a trap to trap vector 2; this instruction 
is used for debugging. 


BSE 


Instruction: 
Branch if signs equal 


Type: 
Branch on Indicator 

Format: 
0 1 3 4 8 9 15 
fofo o of1 Ooi tf displacement 
een 2 a es | 


Description: 

Branches to the specified location if the unlike 
signs indicator (U) is equal to zero. If the J bit in 
the mode control (M) register is set, and if the 
branch would have taken place, this instruction 
traps to trap vector #2. 


BSU 


Instruction: 
Branch if signs unlike 


Type: 
Branch on Indicator 


Format: 


0 | 3 4 oo Gs 


optional 
Description: 

Branches to the specified location if unlike 
signs indicator (U) is set. If the J bit in the mode 
control (M) register is set, and if the branch 
would have taken place, this instruction traps to 
trap vector #2. 


CAD 


Instruction: 
Add carry bit to contents 


Type: 
Single Operands 


Format: 
0 1 3 4 8 9 15 


i} ooo fi | ae ae 9 a address syllable 


optional 


Description: 

Adds the contents of the C-bit in the I-register 
to the contents of the location specified in the 
address syllable. 

The address syllable can specify a memory 
location, an immediate operand, or one of the 
R-registers. 

The contents of the I-register are affected as 
follows: 


e If a carry occurs during the operation, the 
C-bit is set to 1; otherwise, it is set to 0. 
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BSE/BSU/CAD/CL/CLH 


e If the result is more than 16 bits long, the 
OV-bit is set to 1; otherwise, it is set to 0. 
This cannot cause an overflow trap. 


CL 


Instruction: 
Clear 


Type: 
Single Operand 


Format: 


O's 3.4 8-9 15 


1] 000 |o |e ee fae ©) address syllable 


optional 


Description: 

Stores zeros in the location specified in the 
address syllable. 

The address syllable can specify a memory 
location, an immediate operand, or one of the 
R-registers. 


CLH 


Instruction: 
Clear halfword 


Type: 
Single Operand 


Format: 


0 | 3.4 8 9 [5 


1] 000 |o abs Ae address syllable 


\ optional 
Description: 

Stores 0’s in the halfword location specified in 
the address syllable. 

The address syllable can specify a memory 
location, an immediate operand, or another R- 
register, with the byte being positioned as 
follows: 


— memory location, not 


indexed -- left byte 
— memory location, indexed 
index value even — left byte 
index value odd — right byte 
— immediate operand — left byte 
— R-register — right byte 
AS22 


CMH/CMB/CMN/CMR 


CMH 


Instruction: 
Compare halfword (byte) to R-register 


Type: 
Double Operand 


Format: 


0 | 3 4 8 9 IS 


i optional 


address syllable 


Description: 

Compares the word in the designated R-register 
with the byte (sign extended) in the effective 
address and sets the G, L, and U indicators 
according to the results of the comparison. The 
address syllable can specify a memory location, 
an immediate operand, or another R-register, with 
the byte being positioned as follows: 


— memory location, not 


indexed — left byte 
— memory location, indexed 
index value even ~ left byte 
index value odd — right byte 
— immediate operand — left byte 
— R-register — right byte 


The greater than (G) and less than (L) indica- 
tors are set or reset depending on the 16-bit 
unsigned contents of the two operands. The 
unlike sign (U) indicator is set if bit zero of both 
operands are the same, reset if different. 


Example: R-register contains (OOFF) 16 
Effective address contains (FF) 16 
CMR will set L and U, reset G 
CMB 


Instruction: 
Compare contents to B-register 


Type: 
Double Operand 

Format: 
0 1 3.4 8 9 15 
if Bn fi bb sO: TT -4 address syllable 
optional 
Wo es eee eh Pest he ee, ew le, J 
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Description: 

Compares the word in the designated B-register 
with the word in the effective address and sets the 
G and L indicators according to the results of the 
comparison. The address syllable can specify a 
memory location, an immediate Operand, or 
another B-register. 

The greater than (G) and less than (L) indica- 
tors are set or reset depending on the 16-bit 
unsigned contents of the two operands. The 
setting of the unlike sign (U) indicator is not 
defined. 


CMN 


Instruction: 
Compare address to null 


Type: 

Single Operand 
Format: 

0 | 3 4 8 9 15 
if ooo |1 f2Qs A address syllable 
optional 
NS a ates, pe te ee J 
Description: 


Compares the contents of the location or 
B-register specified by the address syllable to a 
null address (the address 0). 

The contents of the I-register are affected as 
follows: 


© The G-bit is set to 0 if the specified address 
is equal to null; otherwise, it is set to 1. 

® The L-bit is set to 0. 

@ The U-bit is affected, but its value is 
undefined. 


The address syllable can specify a memory 
location, an immediate operand, or one of the 
B-registers. 

CMR 


Instruction: 
Compare to R-register 


Type: 
Double Operand 


AS22 


Format: 
0 1 3 4 8 9 15 
optional 
Vie eee oo a a oe Se ey So ee ae te J 
Description: 


Compares the word in the designated R-register 
with the word in the effective address and sets the 
G, L, and U indicators according to the results of 
the comparison. The address syllable can specify a 
memory location, an immediate operand, or 
another R-register. 

The greater than (G) and less than (L) indica- 
tors are set or reset depending on the 16-bit 
unsigned contents of the two operands. The 
unlike sign (U) indicator is set if bit zero of both 
operands are the same, reset if different. 

Note that this instruction can be used to do 
either a logical (alphabetical) comparison or an 
algebraic comparison. The branch instruction that 
follows will perform either an algebraic test or a 
logical test. 


Example: R-register contains (FFFF)] 6 
Effective address contains (7777)16 
CMR will set G and U, reset L 
BG (Branch if greater) will branch. 
BAG (Branch if algebraically greater) 
will not. 


CMV 


Instruction: 
Compare value to R-register 


Type: 
Short Value Immediate 
Format: 
0 | 3 4 7 8 15 


Description: 

Compares the word in the designated R-register 
with the byte (with its sign extended) contained 
in the value field of the instruction and sets/resets 
the G (greater than), L (less than), and U (unlike 
signs) indicators according to the results of the 
comparison. 
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4-15 


CMR/CMV/CMZ/CPL 


Some examples: 


Contents of Value Field 
R-register in Instruction G L U 
(OOAB)16 (AB)16 0 1 1 
(FFAB)16 (AB)16 0 0 0 
(FFAB) 16 (AA)16 1 0 0 
(-7)10 (-7)10 0 0 0 
(-7)10 (+7)10 1 0 1 
CMZ 
Instruction: 
Compare to 0 
Type: 
Single Operand 
Format: 
0 1 3 4 8 9 15 
rel 1oo1 1 address syllable 
optional 
a SN aS ea a et ey cen tee ts a Se A ete Se J 
Description: 


Compares the contents of the location speci- 
fied in the address syllable to 0. 

The address syllable can specify a memory 
location, an immediate operand, or one of the 
R-registers, 

The contents of the I-register are affected as 
follows: 


e If the contents of the specified location do 
not equal 0, the G-bit is set to 1; otherwise, 
it is set to 0. 

@ The L-bit is set to 0. 

e@ If the first bit of the specifiedlocation equals 
1, the U-bit is set to 1; otherwise, it is set to 
0. 


This instruction can be used to determine the 
size of the actual memory in a system. If 
non-installed memory is addressed, it will cause a 
trap through trap vector #15. This will also 
happen if indexing causes addresses of less than 
zero or greater than 64K to be generated. 


CPL 
Instruction: 
Complement 
Type: 
Single Operand 


Format: ° 
0 |} 3 4 8 9 15 


1} 0 0 0 [0 1 100 address syllable 


\ optional i 


CPL/DAL/DAR/DLC 


Description: 

One’s complements the contents of the loca- 
tion specified in the address syllable. 

No indicators are affected. The address syllable 
can specify a memory location, an immediate 
operand, or one of the R-registers. 


DAL 


Instruction 
Double-shift arithmetic-left 


Type: 
Shift Long 
Format: 
O11 34 78 10 11 15 


a 


s is number of positions shifted (0-31) 


Description: 

Shifts the contents of the even-odd R-register 
pair (i.e., R2 and R3, R4 and R5, R6 and R7) 
identified in the Rn field (which must be odd) 
left the number of bit positions specified by the s 
field. The bit positions vacated by the shift are 
filled with binary 0’s. 

If the s field contains 0’s, the shift distance is 
obtained from bits 11 through 15 of general 
register R1. 

The contents of the I-register are affected as 
follows: 


@ If the contents of bit O in the even- 
numbered R-register changes, the OV-bit is 
set to 1: otherwise, it is set to 0. 


Pictorial Representation 


Coe 


es Set to 1 if Rn’ (0) changes. 
DAR 
Instruction: 
Double-shift arithmetic-right 


Type: 
Shift Long 


Format: 
O | 3 4 7 8 10 11 15 


oT me foo oof is 


s is number of positions shifted (0-31) 
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Description: 

Shifts the contents of the even-odd R-register 
pair (i.e., R2 and R3, R4 and RS, R6 and R7) 
identified in the Rn field (which must be odd) 
right the number of bit positions specified by the 
s field. The bit positions vacated by the shift are 
filled with the sign value originally contained in 
bit 0. 

If the s field contains 0’s, the shift distance is 
obtained from bits 11 through 15 of general 
register R1. 

The contents of the I-register are affected as 
follows: 


@ C-bit contains the last binary digit shifted 
out of the odd-numbered R-register. 


Pictorial Representation: 
O Rn’ 15 O “Rn. 5 


cg a 


Saves last bit shifted out of Rn(15) 
DCL 


Instruction: 
Double-shift closed-left 


Type: 
Shift Short 


Format: 


0 | 3 4 7 8 A) 15 


fo] ke [ooo doors] s 


s is number of positions shifted (0-15) 


Description: 

Shifts the contents of the even-odd R-register 
pair (i.e., R2 and R3, R4 and R5, R6 and R7) 
identified in the Rn field (which must be odd) 
left the number of bit positions specified by the s 
field. The bits shifted out of the even-numbered 
R-register are placed in the bit positions of the 
odd-numbered R-register vacated as the bits are 
shifting left. 

If the s field contains 0’s, the shift distance is 
obtained from bits 12 through 15 of general 
register R1. 


Pictorial Representation: 


QO Rn’ 15 O Rn 15 
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DCR 


Instruction: 
Double-shift closed-right 


Type: 
Shift Short 


Format: 
0 1 3 4 7 8 ll 12 15 


s is number of positions shifted (0-15) 


Description: 

Shifts the contents of the even-odd R-register 
pair (i.e., R2 and R3, and R4 and R5, R6 and R7) 
identified in the Rn field (which must: be odd) 
right the number of bit positions specified by the 
s field. The bits shifted out of the odd-numbered 
R-register are placed in the bit positions of the 
even-numbered R-register vacated as the bits are 
shifting right. 

If the s field contains 0’s, the shift distance is 
obtained from bits 12 through 15 of general 


register R1. 
Pictorial Representation: 
O Rn 15 QO Rn 15 
DEC 
Instruction: 
Decrement 
Type: 
Single Operand 
Format: 
0 | 3 4 8 9 15 
i] 000 f1 000 1 address syllable 
optional 
(is a a et i ee J 
Description: 


Decrements by | the contents of the location 
or register specified in the address syllable, then 
copies bit 0 of the addressed word or register into 
I(b). 

This instruction operates in read modify write 
(RMW) mode, which prevents any other processor 
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DCR/CEC/DIV 


in a multiprocessor environment from accessing 
the location being modified until the modifica- 
tion is completed. 

The address syllable can specify a memory 
location, an immediate operand, or one of the 
R-registers. 

The contents of the I-register are affected as 
follows: 


e If the decrementation causes a carry to 
occur, the C-bit is set to 1; otherwise, it is 
set to 0. 

If the value being decremented was -32768 
(-215), (OV) is set to 1; otherwise, I(OV) is 
cleared to 0. However, this can never cause 
an overflow trap. 

@ I(b) is set as described above. 


DIV 


Instruction: 
Divide R-register 


Type: 
Double Operand 


Format: 
0 1 3 4 8 9 15 


1} Rn [o 01410 address syllable 


optional i 


Description: 

If the designated R-register is Rl to R6, its 
contents are divided by the word at the effective 
address and the remainder is lost; if the desig- 
nated R-register is R7, the double precision value 
in R6 and R7 is divided by the word at the 
effective address with the quotient being devel- 
oped in R7 and the remainder in R6. The address 
syllable can specify a memory location, an imme- 
diate operand, or another R-register. 


The contents of the I-register are affected as 
follows: 


1. (OV) is set to 1 if 
a. The divisor = 0 
b. The dividend is -2!5 times the divisor. 
c. The quotient is greater than 215 -1 or less 
than -2!5, 
Otherwise I(OV) is cleared to 0. 
Divide operations that cause I(OV) to be set 
terminate with all operands unchanged. 


AS22 


DIV/DOL/DOR/ENT 


2. The carry indicator, I(C), is set only if the 
remainder is not 0 and if the remainder is 
not stored in R6 (i.e. when the first operand 
does not specify R7). If R7 were specified as 
the first operand, the remainder would be 
stored in R6 and the carry bit would be 
unchanged whether or not the remainder 
was zero. 


DOL 


Instruction: 

Double-shift open-left 
Type: 

“Shift Long 


Format: 


01 3 7 8 10 11 15 


fo] ke foooofioo] s_ 
s is number of positions shifted (0-31) 


Description: 

Shifts the contents of the even-odd R-register 
pair (i.e., R2 and R3, R4 and R5, R6 and R7) 
identified in the Rn field (which must be odd) 
left the number of bit positions specified by the s 
field. The bit positions vacated by the shift are 
filled with binary 0’s. 

If the s field contains 0’s, the shift distance is 
obtained from bits 11 through 15 of general 
register R1. 

The contents of the I-register are affected as 
follows: 


@ C-bit contains the last binary digit shifted 
out of the even-numbered R-register. 


Pictorial Representation: 


0 Rn’ 15 


O Rn 15 
a a 


i Saves last bit shifted out of Rn(0 ) 


DOR 


Instruction: 
Double-Shift open-right 


Type: 
Shift Long 
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Format: 
0 | 3 4 7 8 10 11 15 


fof Ra foo oor ol s_ 


s is number of positions shifted (0-31) 


Description: 

Shifts the contents of the even-odd R-register 
pair (i.e., R2 and R3, R4 and R5, R6 and R7) 
identified in the Rn field (which must be odd) 
right the number of bit positions specified by the 
s field. The bit positions vacated by the shift are 
filled with binary 0’s. 

If the s field contains 0’s the shift distance is 
obtained from bits 12 through 15 of general 
register R1. 

The contents of the I-register are affected as 
follows: 


® C-bit contains the last binary digit shifted 
out of the odd-numbered R-register. 


Pictorial Representation: 


O Rn’ 15 O Rn 15 
og 


Saves last bit shifted out of Rn(15) 


ENT 


Instruction: 
Enter 


Type: 
Single Operand 


Format: 


0 |} 3 4 8 9 15 


1/0 00/101 1 1] address syllable 


| optional t 


Description: 

Puts the processor into the unprivileged (user) 
mode and then jumps to the location specified by 
the effective address. If the J-bit in the mode- 
control (M) register is on, this instruction traps to 
trap #2. 

No indicators are affected. The address syllable 
must specify a memory location, not a register or 
an immediate operand. 


AS22 


HLT 


Instruction: 
Halt 


Type: 
Generic 


Format: 
0 7 8 15 


00000000;/00000 00 


Description: 

Stops program execution. HLT state is indi- 
cated on the control panel. All interrupts will be 
honored. 

The P-bit in the S-register must be set to 1 (ie., 
the central processor must be in the privileged 
state) for this instruction to be executed. If not, 
the unprivileged use of a privileged operation is 
signified by a trap to trap vector #13. 


INC 


Instruction: 
Increment 


Type: 
Single Operand 


Format: 


0 | 3 4 8 9 15 


ie) 0): | 10101 address syllable 


| optional ' 


Description: 

Copies bit 0 of the contents of the location or 
register specified in the address syllable into I(b), 
then increments by | the contents of the location 
or register. 

This instruction operates in read modify write 
(RMW) mode, which prevents any other processor 
in a multiprocessor environment from accessing 
the location being modified until the modifica- 
tion is completed. 

The address syllable can specify a memory 
location, an immediate operand, or another R- 
register. 

The contents of the I-register are affected as 
follows: 
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HLT/INC/IO 


e If the incrementation causes a carry to 
occur, the C-bit is set to 1; otherwise, it is 
set to 0. 

e If the value being incremented was 32767, 
I(OV) is set to 1; otherwise it is cleared to 0. 
However, this can never cause an overflow 
trap. 


IO 


Instruction: 
- Input Output (word) 


Type: 
Input/Output 


Formats: 
4 6.9 15 


Ob 3 
'1]0 0 0/0 0 0 0 O| — data address syllable 
| 


optional 


or 


| 3 4 8 9 15 


Description: 

This is a privileged instruction that can be 
executed only if the P-bit in the status register is 
set to one; otherwise the instruction traps 
through trap vector #13. 

This instruction initiates an I/O command bus 
cycle that either outputs a word to a channel or 
requests the input of a word from a channel. If 
the channel accepts the I/O command, the input/ 
output (1) indicator is set to a one; it it does not 
accept the command, the I[-bit is reset to zero. 

The location of the word to be output or of 
where the word is to be input is described by the 
data address syllable in the: instruction. This 
address syllable is identical to those in single — 
and double-operand instructions and can specify a 
memory location, an immediate operand, or a 
R-register. If a memory location is specified on an 
output, for example, the data word is first read 
from the memory to the CPU and then output 
from the CPU to the channel. The memory does 
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10 /IOH/IOLD 


not send or receive the data directly to or from 
the channel. 

The channel number is a ten-bit value con- 
tained in the same word with a six-bit function 
code. This word is contained directly in the 
instruction, or, if the channel number field (bit 
0-5) in the instruction is zero, in a location 
pointed to by the channel address syllable. | If the 
latter is utilized, it is of the general address 
syllable form and can specify a memory location 
or a R-register. 

The channel number can specify an output 
channel (if it is odd) or an input channel (if it is 
even). This has nothing to do with whether the 
I/O instruction initiates an output command or 
an input command. (It is possible to output to 
input channels or input from output channels, as 
well as output to output and input from input.) 


The direction of the command is determined 
by the function code, which also specifies the 
type of data to be input or output. The function 
code normally addresses a set-up, control or 
status register in the channel. However, it could 
specify a data buffer and thus be used to 
implement a programmed input/output opera- 
tion. (The latter technique is not used by stan- 
dard I/O channels which all work on a DMA basis 
of I/O.) 

Function codes are thus dependent on the 
design of a particular channel controller. How- 
ever, the following codes have been assigned and 
are used by standard channels: 


Input codes: 
02 — Input interrupt control word 
06 — Input task word 
OC — Input range 
10 — Input configuration word A 
12 — Input configuration word B 
18 — Input status word #1 
1A — Input status word #2 
26 — Input device I.D. 

Output codes: 
Ol  — Output control word 
03 — Output interrupt control word 
07 — Output task 
09 — Output address (see note) 
OD — Output range (see note) 
11 — Output configuration word A 
13. — Output configuration word B 


1 
On processor to processor transfers, a CAS must be used as the 
first six bits of a processor channel number are always zero. 


INSTRUCTIONS & ADDRESSING 


NOTE: The IO instruction should not use 
codes 09 and OD as the address and 
range should be output with an 
IOLD instruction. 


IOH 


Instruction: 
Input/output half-word 


Type: 
Input/Output 

Formats: 

0 | 3 4 8 9 15 
[1[o 0 ojo oo 1 Of 00010 data address syllable | 
! optional 

or 

0 1 3 4 8 9 15 
1]0 0 0f0 0 01 Of  dataaddress syllable | 
| optional 

000 000 x x x] channel address syllable 

tional | 
Bee iii eee e 4 
Description: 


This is a privileged instruction that is identical 
to the IO instruction (see previous page) except 
that it transfers a byte rather than a word. The 
data address syllable generates a 17-bit byte 
address, e.g., the right half of a register, the left 
half of an unindexed memory location, on either 
half of an indexed memory location depending on 
the index count. The contents of the other half of 
the word remain unchanged. 

This instruction is designed for programmed 
I/O operations. It is not currently used by 
Honeywell implemented controllers. 


IOLD 


Instruction: 
Input/output load 


Type: 
Input/Output 


AS22 


foo joo OTT 


Formats: 


0 1 [5 
buffer address syllable 
optional 


function (09) 


3 4 &- 9 


channel 


range address syllable 


X X X X X X X XK X 


optional 


4 8 


04 3 9 15 
fifo 0 ofo 00 1 11. buffer address syllable 


optional 


000000 x x x channel address syllable 


| 


optional 


optional 


Description: 

This is a privileged instruction that is used to 
set up a device for DMA operation by outputting 
an address and a range to it. It is similar in 
function to two consecutive IO instructions (see 
previous pages) in that it initiates two I/O output 
commands, one with a function code of (09)16 
and one with a function code of (OD)] 6. 

The main difference is that it outputs a 17-bit 
byte address to the DMA address register. The 
address register is 24 bits in length as opposed to 
the 16 bit length of the other registers in the 
channel. To generate a 17 bit word, the LOLD 
outputs the effective address of the buffer as 
specified by the ““buffer’’ address syllable, not the 
contents of the location pointed to by it. 

This address is split when put on the bus, with 
the 16 least significant bits being put on the 
data-lines and the high-order bits in the ““module”’ 
field of the address bus (see below). 

The “buffer? address syllable must define a 
memory location. If it is not indexed the effective 
address will define the left byte in a word; if it is 
indexed it can specify either side. 

The channel can either be defined within the 


IOLD/JMP/LAB 


outputs the contents (a 16 bit word) of the 
location pointed to by the range address syllable. 
A memory location, immediate operand, or R 
register form of addressing may be used. The 
range itself is a signed 16-bit value which defines 
the number of. bytes to be transferred. 

The formats of the I/O output command bus 
cycles are as follows: 


0 78 17 23 
Address bus | Module No. Channel Number Function=(09) 6 
Data bus Byte address within module 
0 15 
Address bus Channel Number |Function=(0D)16 
Data bus Range (+32K) 
JMP 
Instruction: 
Jump 
Type: 
Single Operand 
Format: 
0 | 3 4 8 9 15 
i} 000 | 00°11 4 address syllable 
| optional 
ta Nas ce, ee daa nd, oe Se hs Ee AD nc tele J 
Description: 


Jumps to the location specified in the address 


syllable, unless the J bit in the mode control (M) 


register is set, in which case it traps to trap vector 
#2. 

No indicators are affected. The address syllable 
can specify a memory address, but not a register 
or an immediate operand. 


LAB 
Instruction: 
Load effective address into B-register 


Type: 
Double Operand 


instruction or can be pointed to by the channel Format: 

address syllable. The function code must be 

(09) 16. Ol 3 4 8 9 15 
After the first output command, 04 is automat- 1oil111 address syllable 

ically added to the function code and another optional ! 

output command is initiated. This command nea ee gee ee ae ak ee eee J 
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LAB/LB/LBC/LBF 


Description: 

Loads the 16-bit effective address specified by 
the address syllable into the designated B-register. 
Note that this is the address itself, not its 
contents. No indicators are affected. The address 
syllable can specify a memory address or an 
immediate operand, but not a register. 


Example: Assume the following: 


Register R3 contains (0007) ¢ 
Register B5 contains (B010)1¢ 


Memory location (B0O10)16 contains 
(FA03)¢6 


The instruction LAB $B7, *$B5.$R3 (indirect 
through BS indexed by R3) will load B7 with 
(FA0A)} 6. 


LB 


Instruction: 
Load bit 


Type: 
Single Operand 


Format: 


0 | 3 4 8 9 i) 


fe 2, 0s0. | 00101 address syllable 


optional ‘ 


Description: 

This instruction is used to load the B-bit 
indicator in the I register with either a single bit 
or with the result of a test on a group of bits in a 
word. If any are on, the B bit will be set to 1;if 
none are on, to zero. 

To address a single bit, the address syllable 
must specify an indexed memory address. The 
index value will count bits relative to bit zero of 
the effective address. 

To test a group of bits in a word, a mask word 
following the instruction is utilized. Bit positions 
in the word at the effective address that corre- 
spond to one bits in the mask are tested. In this 
form the address syllable can specify a memory 
location (unindexed), an immediate operand, or 
another R-register. 

For example, to test bit 13 in a word, indexed 
addressing with an index value of 13 should be 
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used (or -3, +29, etc.). To test bits 13, 14, and 15, 
a mask with a value of 0007 should be used. 
LBC 
Instruction: 
Load bit and complement 


Type: 
Single Operand 

Format: 
0 1 3 4 8 9 15 
| 000 | 10110 address syllable 
optional 
a ae a es a es ee J 
mask (optional) 
Te Nie Saas Dect aa at ee pe ee mas Snes J 

Description: 


This instruction is used to load the B-bit 
indicator in the I register with either a single bit 
or with the result of a test on a group of bits in a 
word. If any are on, the B bit will be set to 1; if 
none are on, to zero. The single bit loaded or the 
group of bits tested will then be complemented. 

To address a single bit, the address syllable 
must specify an indexed memory address. The 
index value will count bits relative to bit zero of 
the effective address. 

To test a group of bits in a word, a mask word 
following the instruction is utilized. Bit positions 
in the word at the effective address that corre- 
spond to one bits in the mask are tested. In this 
form the address syllable can specify a memory 
location (unindexed), an immediate operand, or 
another R-register. 

This instruction operates in read modify write 
(RMW) mode, which prevents any other processor 
in a multiprocessor environment from accessing 
the location being modified until the modifica- 
tion is completed. 


LBF 


Instruction: 
Load bit and set false 


Type: 
Single Operand 

Format: 
0 1 3 4 8 9 15 
tf 0-002) 0000 address syllable 
optional 
ge a tol Ene a neh es J 
mask (optional) 
PE ctv CPs ae ry pee et ANN COR Ro Ee Pee J 
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Description: 

This instruction is used to load the B-bit 
indicator in the I register with either a single bit 
or with the result of a test on a group of bits ina 
word. If any are on, the B bit will-be set to 1; if 
none are on, to zero. The single bit loaded on the 
group of bits tested will then be set to zero(s). 

To address a single bit, the address syllable 
must specify an indexed memory address. The 
index value will count bits relative to bit zero of 
the effective address. 

To test a group of bits in a word, a mask word 
following the instruction is utilized. Bit positions 
in the word at the effective address that corre- 
spond to one bits in the mask are tested. In this 
form the address syllable can specify a memory 
location (unindexed), an immediate operand, or 
another R-register. 

This instruction operates in read modify write 
(RMW) mode, which prevents any other processor 
in a multiprocessor environment from accessing 
the location being modified until the modifica- 
tion is completed. 


LBS 


Instruction: 
Load bit and swap 


Type: 
Single Operand 

Format: 
0 1 3 4 8 9 1S 
1] 00041 0 10 0 address syllable 
optional 
Lee LL ee eee ew eee ee ee Jj 
mask (optional) 
eae oe a er ey oa sey ne eee J 

Description: 


This instruction is used to load the B-bit 
indicator in the I register with either a single bit 
or with the result of a test on a group of bits ina 
word. If any are on, the B bit will be set to 1; if 
none are on, to zero. The single bit loaded on the 
group of bits tested will then be set to the 
previous contents of the B-bit. 

To address a single bit, the address syllable 
must specify an indexed memory address. The 
index value will count bits relative to bit zero of 
the effective address. 

To test a group of bits in a word, a mask word 
following the instruction is utilized. Bit positions 
in the word at the effective address that corre- 
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LBF/LBS/LBT/LDB 


spond to one bits in the mask are tested. In this 
form the address syllable can specify a memory 
location (unindexed), an immediate operand, or 
another R-register. 

This instruction operates in read modify write 
(RMW) mode, which prevents.any other processor 
in a multiprocessor environment from accessing 
the location being modified until the modifica- 
tion is completed. 


LBT 


Instruction: 
Load bit and set true 


Type: 

Single Operand 
Format: 

0 1 3 4 8 9 15 
i] 000 | 10010 address syllable 

! optional | 
finest ee a ae Me hee ec arene ee ce eee J 
mask (optional) 
Ege ap eer ea ae ee yeep ee J 
Description: 


This instruction is used to load the B-bit 
indicator in the I register with either a single bit 
or with the result of a test on a group of bits ina 
word. If any are on, the B bit will be set to 1; if 
none are on, to zero. The single bit loaded or the 
group of bits tested will then be set to one. 

To address a single bit, the address syllable 
must specify an indexed memory address. The 
index value will count bits relative to bit zero of 
the effective address. 

To test a group of bits in a word, a mask word 
following the instruction is utilized. Bit positions 
in the word at the effective address that corre- 
spond to one bits in the mask are tested. In this 
form the address syllable can specify a memory 
location (unindexed), an immediate operand, or 
another R-register. 

This instruction operates in read modify write 
(RMW) mode, which prevents any other processor 
in a multiprocessor environment from accessing 
the location being modified until the modifica- 
tion is completed. 


LDB 


Instruction: 
Load B-register 
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LDB/LDH/LDI/LDR 


Type: 
Double Operand 
Format: 
0 1 
f i. Bn 5 100 address syllable i 
optional 
Cts em aes a te eae, Re et te ee ] 
Description: 


Loads the designated B-register with the word 
contained at the effective address. No indicators 
are affected. The address syllable can specify a 
memory location, an immediate operand, or 
another B-register. 


LDH 


Instruction: 
Load Half-word (byte) into R-register 


Type: 
Double Operand 
Ora 
i] Rn 000 0 tee “address. s syllable ! 
optional 
L a ee ee ek ee ee 
Description: 


Loads the byte contained at the effective 
address into the right half of the designated 
R-register, with the sign being extended into the 
left half, bits 0-7. No indicators are affected. 

The effective address can specify a memory 
location, an immediate operand, or another R- 


register, with the byte being positioned as 
follows: . 
— memory location, not 
indexed — left byte 
— memory location, indexed 
index value even — left byte 
index value odd — right byte 
— immediate operand — left byte 
— R-register — right byte 


Example: Assume that: 


~ memory location 1000 contains (6789) 6 

— register R1 contains 0 

— register R2 contains 1 

~ register BI contains (1000)1 6 
then if LDH $R5, $B1.$R1 is executed: R5 will 
contain (0067) 6 
but if LDH $R5, $B1.$R2 is executed: R5 will 
contain (0089)] 6 
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4.24 


LDI 


Instruction: 
Load double-word integer 


Type: 
Single Operand 


Format: 


8 9 15 


00 | address syllable 


, optional ; 


Description: 

Loads the word contained at the effective 
address into R6 and the following word into R7. 
No indicators are affected. The address syllable 
can specify a memory location, an immediate 
operand, or another R-register as follows: 


@ Memory location: The left-hand word of a 
double-word pair will be addressed. Auto- 
increment and auto-decrement modes of 
addressing will add (subtract) two from the 
base register. A value in the index register 
will count double words; it is shifted one 
place to the left before being applied. 
Auto-indexing will cause one to be added 
(subtracted) from the index register. 
Immediate operand: This will be a double- 
word operand and thus the instruction will 
be three words in length. 

Register operand: This form of addressing 
must address the right-hand register contain- 
ing a double-word pair, i.e., either R3, which 
loads the contents of R2 and R3 into R6 
and R7, or R5, which selects R4 and RS. 


LDR 


Instruction: 
Load R-register 


Type: 
Double Operand 
Format: 
0 1 3 4 8 9 15 
1000 0 address syllable 
optional | 
he FN a) eG ey ee CO J 
AS22 


Description: 

Loads the designated R-register with the word 
contained at the effective address. No indicators 
are affected. The address syllable can specify a 
memory location, an immediate operand, or 
another R-register. 


LDV 


Instruction: 
Load value 


Type: 
Short Value Immediate 


Format: 
O | 3 4 7 8 15 


OL mm [rt oo] vw 


Description: 

Loads the byte contained in the value field of 
the instruction into the right half of the desig- 
nated R-register with the sign being extended into 
the left half. No indicators are affected. 


LEV 


Instruction: 
Level Change 


Type: 
Single Operand 


Format: 


0 1 3 4 a9 15 


foo 0 |1 1100 address syllable. 


optional ' 


Description: 

Sets or resets level activity bits according to the 
contents of the location indicated by the address 
syllable. 

The following bit configurations in the. indi- 
cated location produce the actions described 
below. 


Schedule Interrupt Level, Scan and Dispatch 


Bit: O 123 45 67 8 9 10 15 


foTo] of of of of ofo fo] of Level Number 
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LDR/LDV/LEV 


The level activity bit for the designated level 
will be set. The level activity bits will be scanned 
and the highest active level ascertained. The 
context of the current level will be saved (unless 
the current level is the highest active level). The 
context of the highest active level will be restored 
(again, unless the current level is the highest 
active level). 


Schedule Interrupt Level, Defer Interrupt 
Bit: 0123 45 67 8 9 10 15 


fof fofoTofo[oTo To] o] _tever Number 


The level activity bit for the designated level 
will be set. Execution will continue at the current 
level. 


Inhibit 
Bit: O 1 2345 67 8 9 101112131415 


fofofofofofofofo]ifofofofofofi |r 


The level activity bit for priority level 3 will be 
set. The interrupt vector for priority level 3 will 
be set equal to the interrupt vector for the 
current level. Execution of the current task 
continues at priority level 3. 


Schedule Interrupt Level, Suspend, 
Scan and Dispatch 


Bit: O 123 45 67 8 9 10 15 


OO PSTO[OTOPOTO POT _teveiNunber 


The level activity bit for the designated level 
will be set. The level activity bit for the current 
level will be reset. The level activity bits will be 
scanned and the highest level ascertained. The 
context of the current level will be saved. The 
context of the highest active level will be re- 
stored. 


Suspend, Inhibit 


Bit: O 1 23 45 67 8 9 101112131415 
[ofofofofofofofifofo}ofofo} 1] | 


The level activity bit for the current level will 
be reset. The level activity bit for priority level 3 
will be set. The interrupt vector for priority level 
3 will be set equal to the interrupt vector for the 
current level. Execution of the task continues at 
priority level 3. 


— 
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LEV/LLH/LNJ/MCL 


Enable 
Bit: O 123 45 67 8 9 1011 12 131415 


Enable is used to end execution at priority 
level 3. The level activity bit for priority level 63 
will be set. The level activity bit for priority level 
3 will be reset. The level activity bits will be 
scanned and the highest active level ascertained. 
The context of the current level is saved (unless 
the level where the inhibit originated is now the 
highest active level). The context of the highest 
active level will be restored (again, unless the level 
where the inhibit originated is now the highest 
active level). 

The address syllable can specify a memory 
location, an individual operand, or an R-register. 

The P-bit in the S-register must be set to | (i.e., 
the central processor must be in the privileged 
state) for this instruction to be executed. If the 
P-bit is not set to 1, the unprivileged use of a 
privileged operation is signified by a trap to trap 
vector #13. 

The contents of the S-register are affected as 
follows: 


e@ Bits 10 through 15 of the S-register will be 
set to indicate the priority level at which 
processing continues after execution of the 
LEV instruction. 


LLH 


Instruction: 
Load logical half-word (byte) into R-register 


Type: 
Double Operand 


Format: 


0 1 3 4 8 9 1 


i} Rn fo 0101 address syllable 


optional \ 


Description: 

Loads the byte contained at the effective 
address into the right half of the designated 
R-register, with the left half, bits 0-7 being 
cleared to zero. No indicators are affected. 

The effective address can specify a memory 
location, an immediate operand, or another R- 
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register, with the byte being positioned as 
follows: 
— memory location, not 
indexed — left byte 
— memory location, indexed 
index value even — left byte 
index value odd — right byte 
— immediate operand — left byte 
— R-register — right byte 


Example: Assume that: 


— memory location 1000 contains (6789)1 6 
— register R1 contains 0 

register R2 contains | 

register B1 contains (1000) ¢ 


| 


then if LLH $R5, $B1.$R1 is executed: RS will 
contain (0067) 6 
but if LLH $R5, $B1.$R2 is executed: R5 will 
contain (0089) ¢ 


LNJ 
Instruction: 
Load B-register and jump (Link Jump) 


Type: 
Double Operand 


Format: 
0 | 3 4 8 9 15 


| Bn fo 011 1 address syllable 


optional 


pail 


Description: 

Loads the address of the next sequential 
instruction into the designated B-register and 
jumps to the location specified by the effective 
address. If the J-bit in the M1-register is on, this 
instruction traps to trap #2. 

No indicators are affected. The address syllable 
must specify a memory location, but not a 
register or an immediate operand. 


MCL 


Instruction: 
Call monitor via trap 


Type: 
Generic 


Format: 
0 7 8 15 


0000000 0j)000000 1 
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Description: 
Calls monitor by a trap to trap vector |. 


MLV 


Instruction: 
Multiply by value 


Type: 
Short Value Immediate 
Format: 
0 | 3 4 7 8 15 


Description: 

Multiplies the value in the designated R-register 
by the value (with sign extended) contained in 
the instruction. A single precision 16-bit product 
is formed, with overflow and carry bits set if 
necessary, unless the designated register is R7, in 
which case a double precision 32-bit signed 
product is developed in R6 and R7. 


MT 


Instruction: 
Modify or test M-register 


Type: 
Double Operand 
Farmat: 
01 3 4 8 9 15 
1] mi jo 000 0 address syllable 
optional 
Lee ee Le a ei ee ee er ee J 
Description: 


Modifies or tests the contents of the M-register 
identified in the first operand with the contents 
(mask) of the location specified by the address 
syllable. 

The mask is treated as two 8-bit fields; then, 
depending on the content of corresponding bits in 
the two fields (i.e., bit 1 in the first field and bit | 
in the second; bit 2 in the first field and bit 2 in 
the second; etc.), the corresponding bit in the 
M-register (ic., if bit 1 in the two mask fields, 
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MCL/MLV/MTM/MUL 


then bit 1 in the M-register) is altered as described 
below: 


e If bit n in the first mask field is 1, the 
corresponding bit in the M-register is loaded 
with the contents of the corresponding bit 
from the second mask field (i.e., M-register is 
modified). 

e If bit n in the first mask field is 0 and the 
same bit in the second mask field is 1, the 
corresponding bit in the M-register is inclu- 
sively ORed with the contents of the B-bit in 
the I-register. If the result of the ORing is 1, 
the B-bit is set to 1; otherwise, it is set to 0 
(i.e., M-register is tested). 

e If bit n in the first mask field is 0 and the 
same bit in the second mask field is 0, the 
corresponding bit in the M-register is neither 
modified nor tested. 

NOTE: The assembly language instructions 
LEV, SAVE, and STM store the 
contents of the M-register in a form 
suitable for reloading by MTM. 


No indicators are affected. The address syllable 
can specify a memory location, an immediate 
operand, or a R-register. The register number in 
the M-number field must be 1; otherwise traps to 
trap vector #5, 


MUL 


Instruction: 
Multiply R-register 


Type: 

Double Operand 
Format: 

0 1 3 4 8 9 15S 
i] orn [1 0110 address syllable 
optional 
Dee LL LL CL ee eae ae eae ee ee J 
Description: 


Multiplies the word in the designated R-register 
by the word in the effective address. The product 
is a 16-bit value with the high order bits truncated 
unless R7 is specified, in which case a double 
precision 32-bit signed product is developed in R6 
and R7. Single precision multiplication will set or 
reset the overflow (OV) indicator depending on 
the size of the product; double precision multiph- 


AS22 


MUL/NOP/OR/ORH 


cation cannot cause overflow and thus OV will be 
reset. 

The address syllable can specify a memory 
location, an immediate operand, or another 
R-register. 

The contents of the I-register are affected as 
follows: 


@ If the product is more than 2!5 -1 (32767) 
or less than -2!5 (-32768), the OV-bit is set 
to 1; otherwise, it is set to 0. 

e If, during the multiplication, a carry occurs, 
the C-bit is set to 1; otherwise, it is set to 0. 


NEG 


Instruction: 
Negate 


Type: 
Single Operand 


Format: 


| 3 4 8 9 1S 


1 f00 07 0010 0 address syllable 


optional 


Description: 

Two’s complements the contents of the loca- 
tion specified in the address syllable. 

The contents of the I-register are affected as 
follows: 


@ If a carry occurs during the operation, the 
C-bit is set to 1; otherwise, it is set to 0. 

@ If the value complemented was -32768, the 
OV-bit is set to 1; otherwise, it is set to 0. 
However, this cannot cause an overflow trap. 


The address syllable can specify a memory 
location, an immediate operand, or one of the 
R-registers. 


NOP 


Instruction: 
No operation 


Type: 
Branch on Indicator 


INSTRUCTIONS & ADDRESSING 4-28 


Format: 
0 | 3 4 8 9 [5 
fof 00 0 | 1!t 110 address syllable | 
| optional 
Ma eee Si cad he ah Oa eat ee pha J 
Description: 


Performs no operation. In effect, it is the 
opposite of an unconditional branch (B) instruc- 
tion. 


OR 


Instruction: 
Inclusive OR with R-register 


Type: 
Double Operand 


Format: 


O | 3 4 8 9 [5 


if Rn fo 1000 address syllable | 


optional 


Description: 

Logically OR’s the word at the effective 
address to the word contained in the designated 
R-register. No indicators are affected. The address 
syllable can specify a memory address, an imme- 
diate operand, or another R-register. 

The following chart illustrates the result of 
inclusively ORing bits: 


First operand bit I ofo fifa 


Examples: 

R-register R-register 
(before) Effective Address (after) 

(0000) j ¢ (0007), 6 (0007), 6 

(FFFO)1 ¢ (0007), 6 (FFF7), is 

(FFF3), 6 (0007); 6 (FFF7)1 ¢ 

ORH 

Instruction: 


Half-word (byte) inclusive OR with R-register 


AS22 


Type: 
Double Operand 
Format: 
O 1 3 4 8 9 15 
i] ora fo 10 0.1 address syllable 
optional ; 
Teh Fs Bal aE ees cai Sear cs ee A a en eae J 
Description: 


Logically OR’s the byte at the effective address 
(with its sign extended) to the word contained in 
the designated R-register. No indicators are 
affected. The address syllable can specify a 
memory address, an immediate operand, or 
another R-register, with the byte being positioned 
as follows: 


— memory location, not — left byte 
indexed 
— memory location, indexed — 
index value even — left byte 
index value odd — right byte 
— immediate operand — left byte 
— R-register — right byte 


The following chart illustrates the result of 


inclusively ORing bits: 

First operand bit Tofo fifa] 
second opernd bf tof [0 
eet 


Examples: 

R-register R-register 
(before) Effective Address (after) 
(0000) 16 (07)16 (0007)) 6 
(FFFO)1 6 (07)16 (FFF7)1 6 
(FFF3)1 6 (07)16 (FFF7)16 
(0007)1 6 (87)16 (FF87)1 6 

RSTR 

Instruction: 


Restore context 


Type: 
Single Operand 


Format: 
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ORH/RSTR/RTCF/RTCN 


0 | 3 4 8 9 15 


fo oo |1 hot: ah a address syllable 


optional ! 


a 


Description: 

Restores the registers specified in the second 
operand mask starting from the location specified 
in the address syllable. 

The address syllable must specify a memory 
location. 

The second operand is a mask that specifies 
which registers are to be restored. If the mask is 
all zeros, the contents of R1 are used as the mask. 

Depending on which bits in the specified mask 
are set to 1, the registers that can be restored are 
as follows: 


Bit, O123456789 101112131415 
esos 


This mask should be the same as the one used 
to save the registers (see the SAVE instruction). 


RTCF 


Instruction: 
Real-time clock off 


Type: 
Generic 
Format: 
0 7 8 15 
00000000j0000 10 1 
Description: 


Disables real-time clock. 

The P-bit in the S-register must be set to | (ie., 
the central processor must be in the privileged 
state) for this instruction to be executed. If not, 
the unprivileged use of a privileged operation is 
signified by a trap to trap vector #13. 


RTCN 


Instruction: 
Real-time clock on 


Type: 
Generic 
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RTCN/RTT/SAL/SAR 


Format: 
0 7 8 15 
[ooo 000000000100 
Description: 


Starts the real-time clock. 

The P-bit in the S-register must be set to 1 (i.e., 
the central processor must be in the privileged 
state) for this instruction to be executed. If not, 
the unprivileged use of a privileged operation is 
signified by a trap to trap vector #13. 


RTT 


Instruction: 
Return from trap 


Type: 
Generic 
Format: 
0 7 8 15 
[o0000000l000001 1 
Description: 


Restores the registers that were saved in the 
trap save area when the trap was entered; restores 
the central processor to the privileged state only 
if both the interrupted state and the interrupt 
handler executing the RTT are privileged; returns 
the trap save area block to the trap save area 
memory pool; returns control to the next instruc- 
tion to be executed (determined by the event that 
caused the trap). 


SAL 


Instruction: 
Single-shift arithmetic-left 


Type: 
Shift Short 


Format: 


0 1 3 4 7 8 Hs d2 IS 


s is number of positions shifted (0-15) 
Description: 


Shifts the contents of the R-register identified 
in the Rn field left the number of bit positions 
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specified in the s field. The bit positions vacated 
by the shift are filled with binary 0’s. 

If the s field contains 0’s, the shift distance is 
obtained from bits 12 through 15 of general 
register R1. 

The contents of the I-register are affected as 
follows: 

e If the contents of bit 0 in the R-register 

change, the OV-bit is set to 1; otherwise, it is 
set to 0. 


Pictorial Representation: 
O Rn 15 


I(ov) | |~- 0 
EZ 


Set to 1 if Rn (0) changes. 
SAR 


Instruction: 
Single-shift arithmetic-right 


Type: 
Shift Short 


Format: 


0 1 3 4 7 8 1 Gan 15 


fo] me Jooodoiio] 


s is number of positions shifted (0-15) 
Description: 

Shifts the contents of the R-register identified 
in the Rn field right the number of bit positions 
specified in the s-field. The bit positions vacated 
by the shift are filled with the sign value 
originally contained in bit 0. 

The contents of the I-register are affected as 
follows: 


® C-bit contains the last binary digit shifted 
out of the R-register. 


If the s field contains 0’s, the shift distance is 
obtained from bits 12 through 15 of general 
register R1. 


Pictorial Representation: 
O Rn 15 


Rn(0). si ~{ fe I(c) 


Saves last bit shifted out of Rn(15) 
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SAVE 


Instruction: 
Save context 


Type: 
Single Operand 
Format: 
0 1 3 4 8 9 15 
fo 0044 1 1 1.0 address syllable 
! 


optional 


mask 


Description: 

Saves the registers specified in the second 
operand starting at the location specified in the 
address syllable. 

The address syllable must specify a memory 
address. 

The second operand is a mask that specifies 
which registers are to be saved. Each bit in the 


mask represents a particular register which can be | 


saved, as shown below: 
Bit: O 12345 67 8 9 101112131415 


a sac 


cee 


If a mask bit is set to 1, the corresponding 
register is saved. If a mask bit is 0, the corre- 
sponding register is not saved. If the mask is all 
zeros, the contents of R1 are used as the mask. 

The registers are saved in reverse order. For 
example, if the second operand specified X’CAO1’ 
(which, when translated into binary is 1100 1010 
0000 0001), indicating that registers M, R1, R4, 
R6, and B7 are to be saved, the context save area 
will contain the registers starting with B7 and 
ending with M. 


SCL 


Instruction: 
Single-shift closed-left 


Type: 
Shift Short 


Format: 


0 1 3 4 7 8 ll 12 1S 


fo] wm ooo ooo «| 


s is number of positions shifted (0-15) 
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SAVE/SCL/SCR/SOL 


Description: 

Shifts the contents of the R-register identified 
in the Rn field left the number of bit positions 
specified in the s field. The bits shifted out of the 
register are placed in the bit positions vacated by 
shifted bits as they are shifting. 

If the s field contains 0’s, the shift distance is 
obtained from bits 12 through 15 of general 
register R1. 


Pictorial Representation: 


SCR 


Instruction: 
Single-shift closed-right 


Type: 
Shift Short 
Format: 
0 1 3 4 7 8 11 12)» 15 


fol mm [ooo oro] = 


s is number of positions shifted (0-15) 


Description: 

Shifts the contents of the R-register identified 
in the Rn field right the number of bit positions 
specified in the s field. The bits shifted out of the 
register are placed in the bit positions vacated by 
shifted bits as they are shifting. 

If the s field contains 0’s, the shift distance is 
obtained from bits 12 through 15 of general 
register R1. 


Pictoral Representation: 


SOL 


Instruction: 
Single-shift open-left 


Type: 
Shift Short 


AS22 


SOL/SDI/SOR/SRM 


Format: 
0 1 3 4 7 8 11 12 15 


fo] m foooooo ol s | 


s is number of positions shifted (0-15) 


Description: 

Shifts the contents of the R-register identified 
in the Rn field left the number of bit positions 
specified in the s field. The bit positions vacated 
by the shift are filled with binary 0’s. 

If the s field contains 0’s, the shift distance is 
obtained from bits 12 through 15 of general 
register R1. 

The contents of the I-register are affected as 
follows: 


@ C-bit contains the last binary digit shifted 
out of the R-register. 


Pictorial Representation: 


QO Rn 15 
Saves last bit shifted out of Rn( 0 ) 


SDI 


Instruction: 
Store double word integer 


Type: 
Single Operand 
| 
Format: 
QO 1 3 4 8 9 15 
Ht | 0.0 004 10410 address syllable 
optional . 
Wi seh ert ag a a reese ok SS J 
Description: 


Stores the contents of R6 and R7 into the 
effective address and the following word. No 
indicators are affected. The address syllable can 
specify a memory location, an immediate 
operand, or another R-register as follows: 


@® Memory location: The left-hand word of a 
double-word pair will be addressed. Auto- 
increment and auto-decrement modes of 
addressing will add (subtract) two from the 
base register. A value in the index register 


INSTRUCTIONS & ADDRESSING 


will count double words; it is shifted one 
place to the left before being applied. 
Auto-indexing will cause one to be added 
(subtracted) from the index register. 

@ Immediate operand: This will be a double- 
word operand and thus the instruction will 
be three words in length. 

@ Register operand: This form of addressing 
must address the right-hand register con- 
taining a double-word pair, ie., either R3, 
which causes the contents of R6 and R7 to 
be stored in R2 and R3, or R5, which selects 
R4 and RS. 


SOR 


Instruction: 
Single-shift open-right 


Type: 
Shift Short 


Format: 
0 | 3 4 7 8 11 12, 15 


fo] ke [ooo or oo] « 


s is number of positions shifted (0-15) 


Description:: 

Shifts the contents of the R-register identified 
in the Rn field right the number of bit positions 
specified in the s field. The bit positions vacated 
by the shift are filled with binary 0’s. 

The contents of the I-register are affected as 
follows: 


@ C-bit contains the last binary digit shifted 
out of the R-register. 


If the s field contains 0’s, the shift distance is 
obtained from bits 12 through 15 of general 
register R1. 


Pictorial Representation: 


O Rn 15 


Saves last bit shifted out of Rn(15 _t 


SRM 


Instruction: 
Store register masked 
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Type: 
Double Operand 


Format: 


| 3 4 8 9 15 


| orn fl 0101 address syllable 


optional : 


mask 


Description: 

The contents of the designated register are 
stored in the effective address under control of a 
16-bit mask. Every bit (zero or one) in the 
register with a corresponding mask bit of one is 
stored; those corresponding to zero bits in the 
mask are not transferred and the original bits in 
the effective address remain unchanged. 

The mask is contained in the word following 
the instruction. If it is all zeros, the contents of 
Rl are used as a mask. If R1 also contains all 
zeros, the instruction does no operation. 

No indicators are affected. The address syllable 
can specify a memory location, an immediate 
operand, or another R-register. 


i all 


Example: Contents of: 


Effective Effective 
Address Address 
Register Mask (before) (after) 
(ABCD) 6 (OOFF)1 ¢ (1234) 16 (12CD)16 
(ABCD)1¢6 C11) 16 (1234)16 (0325)16 
STB 
Instruction: 
Store B-register 
Type: 
Double Operand 
Format: 
0 1 3 4 8 9 15 
optional 
Ui ee ee ee J 
Description: 


Stores the word contained in the designated 
B-register into the location specified by the 
effective address. No indicators are affected. The 
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SRM/STH/STM 
address syllable can specify a memory location, 
an immediate operand, or another B-register. 

STH 


Instruction: 
Store R-register halfword (byte) 


Type: 

Double Operand 
Format: 

0 | 3 4 8 9 15 
i] Rn fo ted T-d address syllable 
optional 
Vi as ee ee ae es eee eee SS eye Jj 
Description: 


Stores the right-hand byte of the designated 
R-register into the half-word specified by the 
effective address. The other half is not changed. 
No indicators are affected. 

The effective address can specify a memory 
location, an immediate operand, or another 
R-register, with the byte being positioned as 
follows: 


— memory location, not 


indexed — left byte 
— memory location, indexed 
index value even — left byte 
index value odd — right byte 
— immediate operand — left byte 
— R-register — right byte 
Example: Assume that: 
— register Bl contains 1000 
— register R1 contains 0 
— register R2 contains | 
— register R5 contains (ABCD) 


— location 1000 contains (1234) ¢ 
then if STH $R5, $B1.$R1 is executed: 

— location 1000 will contain (CD34) 16 
but if STH $R5,$B1.$R2 is executed: 

— location 1000 will contain (12CD) 16 
STM 
Instruction: 


Store M-register 
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STM/STR/STS/SUB/SWB 


Type: 
Double Operand 
Format: 
0 1 3 4 8 9 15 
| mi fo 1 | 10 address syllable 
optional 
a es ee ec ete pe a ae ee J 
Description: 


Stores the 8-bit M-register identified in the first 
operand in the right half-word of the location 
specified in the address syllable; the left half-word 
of the location is filled with 1’s. 

The address syllable can specify a memory 
location, an immediate operand, or one of the 
R-registers. 


STR 


Instruction: 
Store R-register 


Type: 
Double Operand 

Format: 
0 1 3 4 8 9 15 
bd: de 8 address syllable 
optional 
Ue iS as So ace a SS ha, ay eet es fe in —-- J 


Description: 

Stores the word contained in the designated 
R-register into the location specified by the 
effective address. No indicators are affected. The 
address syllable can specify a memory location, 
an immediate operand, or another R-register. 


STS 


Instruction: 
Store S-register 


Type: 
Single Operand 

Format: 
0 1 3 4 8 9 15 
Hi} 00 0 [1 1000 address syllable 
| optional 
Ce a at a tae i ee Deer, oo J 
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Description: 


The contents of the status register are stored in 
the location specified by the effective address. 

No indicators are affected. The address syllable 
can specify a memory location, an immediate 
operand, or an R-register. 


SUB 


Instruction: 
Subtract from R-register 


Type: 

Double Operand 
Format: 

0 | 3 4 8 9 15 
i} Rn fo 0100 address syllable | 
optional 
Cee a a a a es eS, LS eR oe EN a a J 
Description: 


Subtracts the word at the effective address 
from the word contained in the designated 
R-register. The carry (C) and overflow (OV) 
indicators will be set if carry and/or overflow 
occurs respectively; otherwise they will be reset 
to zero. The address syllable can specify a 
memory location, an immediate operand, or 
another R-register. 

Some examples of subtraction: 


Effective 
Address 
R-register (before R-register C OV 
(before) &after) (after) (After) (After) 
—32767 +1 —32768 0 0 
—32768 +1 +32767 1 1 
—1 —1 0 1 0 
SWB 
Instruction: 
Swap B-register 
Type: 
Double Operand 
Format: 
0 | 3 4 8 9 15 
i} Bn [1 ft 101 address syllable 
optional 
See a ge na as Bae re ORE Renee OLA a OR PY ORC J 


Description: 

Swaps the word contained in the designated 
B-register with the word at the effective address. 
No indicators are affected. The address syllable 
can specify a memory location, an immediate 
operand, or another B-register. 


SWR 


Instruction: 
Swap R-register 


Type: 

Double Operand 
Format 

0 1 3 4 8 9 15 
i] Rn [1 1 1 0 0] address syllable 
optional 
i a a aS ee as ett cae ee eee ee J 
Description: 


Swaps the word contained in the designated 
R-register with the word at the effective address. 
No indicators are affected. The address syllable 
can specify a memory location, an immediate 
operand, or another R-register. 


WDTF 


Instruction: 
Watchdog timer off (optional) 


Type: 
Generic 


Format: 
0 7 8 15 


0000000 0j0 000111 


Description: 

Disables the watchdog timer. 

The P-bit in the S-register must be set to 1 (i.e., 
the central processor must be in the privileged 
state) for this instruction to be executed. If note, 
the unprivileged use of a privileged operation is 
signified by a trap to trap vector #13. 


WDTN 


Instruction: 
Watchdog timer on (optional) 
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SWB/SWR/WDTF/WDTN/XOH 


Type: 
Generic 
Format: 
0 7 8 15 
000000 00/0 00011 0 
Description: 


Enables watchdog timer. 

The P-bit in the S-register must be set to 1 (i.e., 
the central processor must be in the privileged 
state) for this instruction to be executed. If not, 
the unprivileged use of a privileged operation is 
signified by a trap to trap vector #13. 


XOH 


Instruction: 
Half-word (byte) exclusive OR with R-register 


Type: 
Double Operand 


Format: 
0 | 3 4 8 9 15 


i] orn |o 11 0.1] address syllable 


| optional 


Description: 

Logically ‘“‘exclusive OR’s” the byte at the 
effective address (with sign extended) to the word 
contained in the designated R-register. No indi- 
cators are affected. The address syllable can 
specify a memory address, an immediate operand, 
or another R-register, with the byte being posi- 
tioned as follows: 


— memory location, not 


indexed — left byte 
— memory location, indexed 
index value even — left byte 
index value odd — right byte 
— immediate operand — left byte 
— R-register — right byte 


The following chart illustrates the result of 
exclusively ORing bits: 


Fat opera ie ojo fii 
Sezond opeana si 101/01 


Rest | fo fol | 
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XOH 


Examples: 
R-register R-register 
(before) Effective Address (after) 
(0000), ¢ (07)1 6 (0007), 6 
(FFFF)16 (88)) 6 (0077) 16 
XOR 
Instruction: 
Exclusive OR with R-register 
Type: 
Double Operand 
Format: 
0 1 3 4 8 9 15 
01100 | address syllable | 
: optional | 
La a in ce ey Sa ey eS We J 
Description: 


Logically “exclusive OR’s” the word at the 
effective address to the word contained in the 
designated R-register. No indicators are affected. 
The address syllable can specify a memory 
address, an immediate operand, or another 
R-register. 

The following chart illustrates the result of 
exclusively ORing bits: 


First operand bit 


Second operand bit 


Examples: 

R-register R-register 
(before) Effective Address (after) 
(0000) 1 6 (0007) 1 6 (0007)1 6 
(0007) 1 6 (0007) 1 ¢ (0000); ¢ 
(FFFF)) 6 (8888) 1 ¢ (7777)16 
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SECTION 5 
CONTROL PANEL 


The full control panel is used for powering up 
and initializing the system, starting and stopping 
the central processor, entering and displaying 
registers and memory, single stepping a program, 
bootloading a program, clearing the system, and 
indicating CP status. The panel layout is shown in 
Figure 5-1. Its six major functional elements are: 


Power switch 

Control panel keylock 
Control keys 

Status indicator lights 
Register display 
Register keys (hex pad) 


POWER SWITCH AND CONTROL 
PANEL KEYLOCK 


Up for power on 
Down for power off 


Power switch 


Keylock Right for panel locked 

Left for panel unlocked 

When panel is locked, all panel 
switches and keys, except 
power switch, are inoperable, 
and the register display is 


disabled. 


REGISTER 


a = 8 
WEL seqyn® 


MONITOR 


CONTROL 


Honeywell 


CONTROL KEYS 


These are 11 touch keys for controlling proc 
essor states and modes (see Table 5-1). 


TABLE 5-1. CONTROL KEYS 


Load green 


Description 


Depress to place the 
processor in load mode 
and to bootload a pro- 
gram into memory. 
Depress to place the 
processor in change 
mode. In this mode the 
processor is ready to 
accept operator modifi- 
cations to the contents 
of the selected register. 
Depress to place the 
processor in plus-1 
mode. In this mode 

the processor is ready to 
read or write successive 
memory locations from 
the control panel, and 
each depression of the 

E key causes the mem- 
ory address register to 
be incremented by one. 
Depress to place the 
processor in write mode. 
In this mode the proc- 
essor writes the contents 
of the selected register 
into the location 
addressed by memory 
address register AO. 


@Refers to legend on key. 


CONTENTS 
ENTS 
(Ges 


pgicn 


BO* MEMORY DATA 
Bi THRU 87» BASE 
DODO Les. 
DO+ INSTRUCTION, 
01 THRU 07+ OATA 


2 & hoe cee 
LOAD «CHANGE §=PLUS = WRITE READ STEP REAOY 


eich +(wirisiR 
[a5] 


LOCATION 


AO 


EXECUTE [Ee] 


Figure 5-1. Full Control Panel Layout 
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TABLE 5-1 (cont). CONTROL KEYS 


Key | Function 


white 


CLR| Master 


CLeaR 


Select 


CONTROL PANEL 


Color | Description 


Depress to place the 
processor in read mode. 
In this mode the proc- 
essor reads the contents 
of the selected register 
from the location 
addressed by memory 
address register AO. 


Depress to stop instruc- 
tion execution and place 
the processor in stop 
State. 

Depress to place the 
processor in ready 
mode. In this mode the 
processor is ready to 
execute, 


Depress to clear the 
processor. This action 
resets the instruction 
register DO and the pro- 
gram counter EO to zero 
and clears any order 
pending in the processor. 
Master clear can be per- 
formed only in the stop 
state. 

Depress to place the 
processor in the select 
mode. The register to 

be operated on is 
selected by keying in the 
proper selection code 
from the hex pad. 
Depress to reset the 
plus-1 mode. In this 
mode the memory 
address register cannot 
be modified during a 
memory read or write. 


TABLE 5-1 (cont). CONTROL KEYS 


Execute black 


Description 


Depress to put the proc- 
essor in the run state. In 
this state the processor 
executes instructions, 
starting at the location 
specified by the program 
counter. Execution con- 
tinues until the S key is 
depressed or up to the 
first halt instruction. 


STATUS INDICATOR LIGHTS 


Eleven lights in the portion of the panel labeled 
MONITOR indicate status and operating modes 
(see Table 5-2). 


TABLE 5-2. STATUS INDICATOR LIGHTS 


Indicator Description 

DC ON Lights to indicate DC power is on. 

CHECK Lights to indicate a bus element has not 
successfully completed its logic tests 
(BLT) or a bus element is not plugged 
into the bus properly. 

TRAFFIC Lights to indicate the processor is 
executing instructions other than the 
halt instruction. 

RUN Lights to indicate the processor is in 
run State; i.e., it is executing a program. 
If the TRAFFIC light is off while the 
RUN light is on, the processor is in a 
halt. 

LOAD Lights when L key is depressed. 

CHANGE Lights when C key is depressed, 

PLUS Lights when plus-1 key is depressed. 
The light goes off when the reset-to-0 
key is depressed. 

WRITE Lights when W key is depressed. 

READ Lights when white R key is depressed. 

STOP/STEP Lights when red S key is depressed. 

READY Lights when red R key is depressed. 


Depress the E kéy to run. 
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REGISTER DISPLAY 


A six-digit hexadecimal (hex) display in the 
upper part of the panel marked REGISTER 
indicates the two-digit LOCATION and four-digit 
CONTENTS of any one of twenty-one registers. 
Figure 5-2 shows the codes for selecting registers. 
For descriptions of these registers, see Section 3. 


15 


fev | 


INSTRUCTION REGISTER 


cs = = = =? 
on ao FP wo NSN 


i) 
_— 
on 


E 0 P-REGISTER 

0 . 15 
ee 
2 2. ae era 
rs a 
v4 
26 (es 
es oe 
27 

0 15 
B 0 MEMORY DATA REGISTER 

0 15 
A 0 MEMORY ADDRESS REGISTER 

0 8 15 
C 1 M1 REGISTER I-REGISTER 

0 15 
7 


Figure 5-2. Register Selection Codes 
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REGISTER KEYS (HEX PAD) 


The set of sixteen hexadecimal keys in the 
right part of the control panel marked REGIS- 
TERS is called the hex pad. These keys provide 
access to the twenty-one user-visible registers. 

In the select mode, a hex pad key-in selects 
the register to be operated on, and the digits 
entered light up under LOCATION in the Regis- 
ter Display. 

In the change mode, a hex pad key-in changes 
the contents of the selected register, and the 
digits entered light up under CONTENTS in the 
Register Display. Each keystroke shifts and loads 
one hexadecimal digit into the least significant 
hexadecimal position of the selected register and 
the display. 
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SECTION 6 
PERIPHERAL DEVICES 


This section describes the functional charac- 
teristics, features, operational capabilities, and 
programming for the various peripheral devices 
listed in Table 6-1. All of the devices are 
supported by the Level 6 GCOS/BES I/O drivers 


TABLE 6-1. LEVEL 6 PERIPHERAL DEVICES 


Device | Description 


Card Readers 
CRU9101/9103 | 300/500 cpm punched card readers 
CRU9102/9104 | 300/500 cpm punched card and 


marked sense readers 


Consoles 


TTU9101/9102 | 10 cps, 72 characters per line, 


ASR-/KSR-33 


TWU9101 30 cps, 132 characters per line, 64- 
character ASCII set 
DKU9101 960 character display (12 lines, 80 


characters per line) 


Disk Devices 


DIU9101/9102 Single/Dual diskettes, 401, 016 
bytes/disk (unformatted), 256, 


256 bytes/disk (formatted) 


CDU9101 Cartridge Disk Unit, low-density, 
2.5 MB, removable disk only 
CDU9 102 Cartridge Disk Unit, low-density, 
5.0 MB, fixed and removable disks 
CDU9 103 Cartridge Disk Unit, high-density, 
5.0 MB, removable disk only 
CDU9 104 Cartridge Disk Unit, high-density 


10.0 MB, fixed and removable 
disks 


Printers 


PRU9101/9102 | Serial Printers, 60 lpm, 64-/96- 
ASCII character set 

Line Printers, 240 lpm/300 lpm, 
96-/64-ASCII character set 

Line Printers, 480 lpm/600 lpm, 


96-/64-ASCII character set 


PRU9103/9 104 


PRU9105/9 106 
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and executive routines. Test and maintenance 
programs are also provided to assist in fault 
isolation and maintenance of the equipment. 


PERIPHERAL DEVICE CONNECTION 


Peripheral device connection to the Level 6 
Megabus occurs via a single-board Multiple Device 
Controller (MDC9101) and an appropriate 
Device-Pac (see Figure 6-1). The MDC provides 
four levels of simultancity (supporting up to four 
devices in any combination) with full DMA. The 
Device-Pac contains all the necessary hardware to 
interface the peripheral device. The MDC may 
connect any of those devices listed in Table 6-1 
with the exception of the Cartridge Disk Units 
which require the MSC9101 Mass Storage Con- 
troller. 


MEGABUS 


MULTIPLE DEVICE CONTROLLER 


l DEVICE- 


PAC 


PERIPHERAL 
DEVICE 


Figure 6-1. Peripheral Device Connection 


MDC Internal Memory and 
Command Interpretation 

Internal to the MDC is a 256 byte Read/Write 
(R/W) memory (64 bytes of this memory are 
dedicated to each channel of the MDC). The 
memory is used for all active storage in the MDC 
relative to a specific channel. Included are the 
DMA address, range, interrupt level, status and 
other internal MDC working storage. The CP has 
the ability to read or write any location in the 
R/W memory so long as the specific channel is 
not busy. In order to write a memory location, an 
I/O output command is used, whereas reading is 
done with an I/O input command. Addressing of 
the R/W Memory relates to the I/O command as 
follows: 
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0 78 17 18 23 
ZERO EXCEPT FOR an 
FEC = 09 WHICH CHANNELINUMBER | ! one 
LOADS ADDRESS i ' i 


15 16 17 18 2223 
THESE 2 BITS IDENTIFY WHICH 


MDC PORT IS BEING ADDRESSED 
DIRECTION BIT 0 = READ (INPUT) 
1 = WRITE (OUTPUT) 
THESE 5 BITS 
IDENTIFY THE 
1 = WRITE MDC 


BYTE PAIR IN 
MDC MEMORY 


MEMORY 
0 = READ MDC 
MEMORY 


DATA BUS 


0 7 8 15 


THESE 16 BITS WILL CONTAIN THE 
BYTE PAIR IN MDC MEMORY 


The format shown is for a Write cycle on the 
bus. For a Read cycle, the memory data will be 
returned from the MDC ona second bus transfer. 
It can be seen that all of the defined function 
codes for each peripheral device represents 
specific MDC memory locations. 

The general response of the MDC/peripheral 
device to an I/O command is, therefore, only an 
updating of the designated memory location. 
Only two exceptions to this exist: 


1. Function code OD which is the range register 
and comes as part of an IOLD command is 
an implicit start I/O command. When an 
MDC peripheral device other than a diskette 
receives this function code, it assumes all the 
contents of its R/W memory are correct and 
executes the required operation. This func- 
tion code will also cause the peripheral 
device to become busy. For diskette devices 
and devices on other controllers, the Output 
Task function code is used to initiate periph- 
eral action. This function code (OD) will 
violate memory protection if used separately 
from the IOLD command. 

2. Function code 01, which is Output Control, 
causes additional actions as described for 
each peripheral device. 
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The MDC treats Function Code 09 specially, in 
that a 24 bit address is to be loaded. In this case 
the 8 bit module number is written into the MDC 
R/W memory immediately following the location 
implied by 09 (i.e., OB). 

For the IOLD command (FC=09), the direc- 
tion bit is a 1 for output or aO for input. For all 
other commands the direction bit is ignored. 


Bus Responses and Busy Conditions 

The command IOLD (FC=09) will cause a 
peripheral device to go busy and it will remain 
busy until after the interrupt has been acknowL 
edged by the CP (see paragraph entitled “Inter- 
rupts’’). If the interrupt level was set to Zero thus 
blocking the interrupts, the peripheral device will 
go non-busy immediately upon setting the status 
condition which would have caused an interrupt. 
During the time the peripheral device is busy, 
every I/O command will be NAK’d except for 
Output Control (Function Code 01). 


Channel Number 
The Channel Number for the MDC is separated 
into fields as follows: 


Bit Definitions 
Refer to Address 
Bus 
8 14 15 16 17 
Switch Settable 
on MDC 


Direction Bit 
O = Read (Input) 
1 = Write (Output) 


Bits 8 through 14 can have any value. The 
value selected will identify the entire MDC and, 
therefore, will affect other channel number selec- 
tions for devices also connected to the MDC. Bits 
15 and 16 identify which Device-Pac slot is 
occupied. Any or all of the four slots may be 
occupied. When different devices coexist on the 
MDC, the Device-Pac’s physical position should 
be considered because the MDC services port #0 
(bit 15, 16 = 00) at highest priority, and port #3 
(bit 15, 16 = 11) at lowest priority. Bit 17 must 
be 0 for input and 1 for output. 


Device Identification Number 

In response to Function Code 26, the MDC (or 
MSC) will supply a 16 bit device identification 
number on the data bus. Table 6-2 lists the device 
ID numbers for the various peripheral devices. 
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TABLE 6-2. PERIPHERAL DEVICE ID NUMBERS 


Device ID Number 


2008 (CRU9101/9102/9103/ 
9104) 


Peripheral Device 


Card Reader 


Teleprinter 2018 (TTU9 102) 
2019 (TTU9 101) 
CRT Keyboard 
Console 2020 (DKU9101) 
Keyboard Typewriter 
Console 2018 (TWU9101) 
Diskette 2010 (DIU9101/9102) 
Cartridge Disk 2330 (CDU9101) 
2331 (CDU9102) 
2332 (CDU9103) 
2334 (CDU9 104) 
Serial Printer 2004 (PRU9101) 
2006 (PRU9102) 
Line Printer 2000 (PRU9 104/9 106) 
2001 (same as above but with 
Option PRF9102) 
2002 (PRU9103/9105) 
2003 (same as above but with 


Option PRF9102) 


Test Mode 

When an Output Control Word command is 
received with the Test Mode bit on (while the 
MDC is in normal operating mode) the MDC will 
enter Test Mode and stop. Once the MDC is in 
Test Mode, subsequent commands will cause the 
contents of the Data Bus to be loaded into the 
MDC instruction register. The Data Bus contains 
the complement of a microinstruction. One clock 
pulse will then be issued to execute the micro- 
instruction loaded. This enables a sequence of 
microinstructions to be executed in single step 
mode from a software test routine. Normal mode 
is resumed when a “reset test mode” micro- 
instruction is executed or when Master Clear is 
activated on the Bus. 

All function codes which are received over the 
Bus while the MDC is in Test Mode will cause the 
contents of the Data Bus to be loaded into the 
MDC instruction register as described above 
(function code field of the Address Bus is 
ignored). Note that response cycles will not be 
generated for Input commands (e.g., Input Status 
Word A). 

Test Mode operates on an entire MDC and, 
therefore, precludes normal usage of other devices 
on the MDC at the same time. 


CARD READERS 


The Types CRU9101/9102/9103/9104 Card 
Readers are compact, self-contained, tabletop 
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units providing economy and versatility of opera- 
tion (Figure 6-2). The CRU9101/9102 and the 
CRU9103/9104 read 80-column Hollerith or 
binary punched cards at the rate of 300 and 500 
cards per minute, respectively. In addition, the 
CRU9102 and 9104 have the capability of read- 
ing 40- or 80-column mark sense cards. In the 
mark sense mode, cards marked in either the same 
or alternate row position as punched card rows 
can be easily and quickly read. With Option 
CRF9101, the CRU9101/9102/9103/9104 Card 
Readers can have the capability of reading 51- 
column punched cards. 

The card readers interface with the 6/30 
Models by means of a single-board Multiple 
Device Controller (MDC9101), a Card Reader 
Device-Pac (CRM9101), and a 50-foot cable. A 
maximum of four card readers are connectable 
per MDC. 


Features 


Convenient tabletop size 

Low cost 

Choice of 300 or 500 cpm reader 

Choice of versatile 80-column punched card 
and 40-/80-column mark sense readers or 
80-column punched card readers 

Extremely simple operation — Power, Reset 
and Stop buttons on all four units; 
40/80-column selector and mark _ sense/ 
punch selector on CRU9102/9104 

500-card input hopper and output stacker 
capacity 

Status and error indication bits that can be 
read into the processor under program con- 
trol for error detection and operator notifi- 
cation 

Empty hopper or full stacker signaled by 
Reset indicator (status transmitted to con- 
troller) 

Two program-selected punched card reading 
modes: ASCII with automatic Hollerith to 
eight-bit ASCII conversion; and Direct 
(Binary), with 12-bit binary format 

Test mode for easy maintenance 


Operation 

All data transfers are under DMA (Direct 
Memory Access) control, with an end-of-range 
interrupt after the program selected number of 
columns have been transferred. 

While waiting for a ready indication, the 
central processor is free to perform other opera- 
tions. Program interrupt is used to signal the 
central processor when further device servicing is 
required. 
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Figure 6-2. CRU9101/9102/9103/9104 Card Readers 


Data Format 
Cards may be read in either of two formats: 


© Binary (Direct Transcription) 
@ ASCII 


Binary Mode 

In this mode, the 12 bits designated by each 
card column are placed on the data bus right 
justified, as shown in Figure 6-3, one memory 
word will be required for each card column read. 
All 2'? hole patterns will be valid in Binary 
Mode. The four remaining bits will be zero-filled. 


ASCII Mode 

In this mode, the 12 bits designated by each 
card column are converted to a single 8 bit byte 
and transferred to the bus, two bytes per word; 
see Figure 6-4. The conversion is a Hollerith to 
ASCII conversion and is performed by the 
Device-Pac. The code table of Table 6-3 com- 
pletely describes the correspondence between the 
two codes. The bit designations in Table 6-3 are 
the ASCII standards and relate to the bits on the 
data bus as shown in Table 6-4. Punches or marks 
which do not exist in Table 6-3 will cause an 
ASCII error status report as described for bit 8 in 
Table 6-6. 
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COLUMN N 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


0 3 


4 
| oo frefnfo]s]2sfe[s Ps] 78] ] 


DATA BUS 


Figure 6-3. Binary Mode Format 


15 
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b8 

b7 

b6 

b5 
om fo 
om [ 
0100 


om fe 


1000 


of 


ou [n 


oof 


1110 


topo 


may be 


@ 
@ may be “71” 
6) 
®@ 


The top line in each entry to the table represents an assigned character (co! 


DLE 
12-11-9-8-1 
DCI 
11-9-1 
DC2 
11-9-2 
DC3 
11-9-3 
DC4 
9-8-4 
NAK 
9-8-5 
SYN 
9-2 

ETB 
0-9-6 
CAN 
11-9-8 
EM 
11-9-8-1 
SUB 
9-8-7 
ESC 
0-9-7 

FS 
11-9-8-4 
GS 
11-9-8-5 
RS 
11-9-8-6 
US 
11-9-8-7 


All bit designations are in ASCII. 
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ASCII BYTE ASCII BYTE 
N N+1 


CARD 


COLUMN N 


Nene _ ome 


—_ x 
ofa58 


HOLLERITH 


TO ASCII 
CONVERSION 


soo nt On Pw NHN = 


a th rN 
COLUMN N+1 


Figure 6-4. ASCII Mode Format 


TABLE 6-3. HOLLERITH-ASCII CODE TABLE 


9-1 12-0-9-2 |11-8-1 12-11-0-9-7 


12-11-0-9-6 


11-9-8-2 12-0-9-3 |11-0-9-2 


12-0-9-4 |11-0-9-3 12-0-8-1 


12-0-9-5 }11-0-9-4 12-0-8-2 


12-0-9-6 {11-0-9-5 12-0-8-3 


12-0-9-7 {11-0-9-6 12-0-8-4 


12-0-9-8 |11-0-9-7 12-0-8-S 


12-8-1 11-0-9-8 12-0-8-6 


12-11-9-1 ]0-8-1 12-0-8-7 


12-11 -9-2 |12-11-0 12-11-8-1 


0-9-8-3 9-8-3 12-1 1-9-3 |12-11-0-9-1 |£2-11-8-2 


0-9-8-4 12-9-4 12-11-9-4 | 12-11-0-9-2 |12-11-8-3 


12-9-8-1 1 11-9-4 12-1 1-9-5 |12-11-0-9-3 |12-11-8-4 


12-9-8-2 | 9-8-6 12-1 1-9-6 | 12-11-0-9-4 | 12-11-8-5 


11-9-8-3 | 11-0-9-1 12-4 1-9-7 | 12-1 1-0-9-5 |12-11-8-6 
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12-11-8-7 


11-0-8-3 


11-0-8-4 


11-0-8-5 


11-0-8-6 


11-0-8-7 


12-11-0-8-1 


12-11-0-1 


12-11-0-2 


12-11-0-3 


12-11-0-4 


12-110-5 


12-11-0-6 


12-11-0-7 


lumns 0 to 7). The bottom line in each entry is the corresponding card hole-pattern. 


12-11-0-8 


12-11-0-9 


12-11-0-8-2 


12-11-0-8-3 


12-11-0-8-4 


12-11-0-8-5 


12-11-0-8-6 


12-11-0-8-7 


12-0-9-8-2 


12-0-9-8-3 


12-0-9-84 


12-0-9-8-5 


12-0-9-8-6 


12-0-9-8-7 


12-11-9-8-2 


12-11-9-8-3 


12-11-9-8-4 


12-11-9-8-5 


12-11-9-8-6 


12-11-9-8-7 


11-0-9-8-2 


11-0-9-8-3 


11-0-9-8-4 


11-0-9-8-5 


11-0-9-8-6 


11-0-9-8-7 


12-1 1-0-9-8-2 10 


12-1 1-0-9-8-3 11 


12-11-0-9-8-4 12 


12-11-0-9-8-5 13 


12-11-0-9-8-7 
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TABLE 6-4. ASCII BIT RELATION TO 
BITS ON DATA BUS 


Bus 


Left Byte 


ASCII Bit Right Byte 


8 @) 
7 1 
6 2 
5 3 
4 4 
3 5 
2 6 
1 Z 
Instructions 


Table 6-5 lists the I/O commands to which the 
MDC/card reader Device-Pac/card _ readers 
respond. A detailed description of each command 
follows this table. 


TABLE 6-5. CARD READER COMMANDS 


Function 


Command 


Output Interrupt Control 
Output Control 

Output Address and Range 
Output Configuration 

Input Interrupt Control 

Input Memory Byte Address 
Input Memory Module Address 
Input Range 

Input Configuration 

Input Status 
Input Device ID 


Output Commands 


Command: 
Output Interrupt Control 


Function Code: 


03 
Format: 
0 9 10 15 
CP Channel Number Interrupt 
Level 
Function: 


Loads a 16-bit word into the interrupt control 
register with the information necessary for gener- 
ating an interrupt, i.e., the interrupt level and 
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which CP the interrupt is to be issued to. On 
interrupting, the CP channel number is returned 
on the address bus while the interrupt level is 
returned on the data bus. 


Command: 
Output Control 


Function Code: 


01 
Format: 
01234 15 
Not Used Zi 
1000 Initialize 
0100 Stop I/O 
0010 Test Mode 
0001 Freeze Address 
Function: 


Loads a 16-bit control word into the refer- 
enced channel and will be accepted uncondition- 
ally regardless of any channel busy status. The 
channel may respond with a WAIT, but never 
with a NAK. The individual bits will cause the 
following specific actions to occur: 


@ Initialize 

— Causes the MDC to run its resident logic 
test 

— Clears all four MDC Device-Pacs 

— Clears the Bus Interface 

— Blocks Interrupts 

— Resets the Busy Condition 

— Operates on all channels of a MDC 

— Sets card reader attachment to ASCII 
mode 


@ Stop I/O 
— Resets Busy Condition 
— Causes Interrupt if enabled 
— Abruptly stops transfer from card reader 
— Updates status in MDC R/W memory 
— Does not affect other channels 


® Freeze Address 
— Prevents the MDC from modifying its 
DMA address register during operation. 
The card reader operates normally in all 
respects except that the entire card is 
input to a single memory address. 


@ Test Mode 
— Refer to paragraph entitled ‘‘Test Mode” 
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Command: 
Output Address and Range 


Function Code: 


09 
Format: 
0 23 
| Address Transfer 
0 15 
Range Transfer 
Function: 


The IOLD command when executed by the 
processor creates two bus transfers to the MDC. 
The first is the 24-bit address transfer and the 
second is the 16-bit range transfer. To the MDC, 
these are two separate and distinct bus transfers 
with two separate and distinct function codes of 
09 for the address transfer and OD for the range 
transfer. The programmer need only specify the 
first function code and the processor hardware/ 
firmware will automatically calculate the second 
function code (by adding 04 to it). 


e@ Address Transfer — A 24 bit quantity trans- 
ferred to the MDC to be used as the starting 
byte address of the data record in memory 
where the card data will be stored. 


@ Range Transfer— A 16 bit quantity trans- 
ferred to the MDC to be used as the byte 
range count of the data record in memory 
where the card data will be stored. Range is 
specified as two’s complement for the MDC 
and must be positive. Therefore, range is | 
<r < 2!5-]. For the card reader, range 
should not be greater than the number 
sufficient to input a single card. If range is 
set less than that number, the MDC will 
input only the specified number of charac- 
ters. If the range is set larger than that 
number, the MDC will terminate transfer at 
end of card rather than at the end of the 
range. 


The range transfer includes the implicit 
command “Start 1O”’ and causes the MDC to 
start reading a card and go busy. 
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Command: 
Output Configuration 


Function Code: 


11 
Format: 
0) 15 
Not Used 
0 = ASCII Mode 
1 = Binary Mode 
Function: 


Outputs a word to determine in which of two 
modes the card reader will operate. 


Input Commands 


Command: 
Input Interrupt Control 


Function Code: 


02 
Format: 
2 9 10 15 
CP Channel Number Interrupt 
Level 
Function: 


Causes the channel to place the contents of its 
interrupt control register on the data bus. 


Command: 
Input Memory Byte Address 


Function Code: 


08 
Format: 
0 15 
Memory Address Bits 
8 23 
Function: 


Causes the channel to place the 16 least 
significant bits of its DMA address register on the 
data bus. The bits represent the memory address 
register bits 8-23. 


NOTE: This command will violate memory 
protection. 
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Command: 
Input Memory Module Address 


Function Code: 


OA 
Format: 
0 78 — 15 
Not Used Memory Address Bits 
{OA 7 
Function: 


Causes the channel to place the eight most 
significant bits of its DMA address register on the 
data bus. The bits represent memory address bits 
from 0 through 7 inclusive. 


NOTE: This* command will violate memory 
protection. 


Command: 
Input Range 


Function Code: 


OC 
Format: 
0 | 15 
Function: 


Causes the channel to place the contents of its 
range register on the data bus. 


Command: 
Input Configuration 


Function Code: 
10 


Format: 


0) 


E a 


Function: 
Causes the channel to place the contents of its 
configuration register on the data bus. 
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Command: 
Input Status 


Function Code: 
18 


Format: 
0 15 


ECETIEVAEE) 


ae 


Not Used iS) 
~ ina) 
iS) 

ee 
fe) mE 8 a 
= x m & 5 
a 3 > 58 = 
oooo f 6 6 bond n oO 
5 ug 8 a gw = 
egf2oxaa 
~ == a 2 So & 
g .) Sw = s ra) 
a o 8 &€& & Ov sz 2 »s 8 
Oa ‘5 £& €& o Oo Co %® pop 
~ > Se Dm = 6 
°o8 ®@ 53835 VY Sf 2% 'h 
etnY*Sssey = a wm £ & 
2s “OO ov F od ra) 
So 8S % ~ @e UY non 9 
oo ese Son XO N fe) o 8 «¢ 
At A ZStunuoesw < OO 42 & Pp 
Function: 


Causes the channel to place the contents of its 
status register on the bus. Also see Table 6-6. 


Command: 
Input Device ID 


Function Code: 


26 
Format: 
0 15 
Function: 


Causes the channel to place its device identifi- 
cation number (2008) on the bus. 


Specifications 
Types: 


CRU9101 — 300 cpm, 80-column punched 
cards 

CRUI102 — 300 cpm, 80-column punched 
cards, 40-and 80-column marked cards 
CRU9103 — 500 cpm, 80-column punched 
cards 

CRU9I104 — 500 cpm, 80-column punched 
cards, 40- and 80-column marked cards 

Input Hopper Capacity: 500 cards 

Output Stacker Capacity: 500 cards 
Programmed Operations: Read data from card 
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TABLE 6-6. STATUS BIT DEFINITIONS — CARD READER 


Status Condition 


Definition 


Device Ready 


Attention 


Data Service Rate Error 


Mark Sense Mode 
is in the Mark Sense mode. 
40 Column 
is in the 40 Col. position. 
51 Column 
is in the 51 Col. position. 
External Clock Track 
Read Check The Card Reader failed to meet a light-dark 
check indicating possible device failure. 
ASCII Error 


forced to all Ones. 


Corrected Memory Error 


from memory. 


Non Existent Resource 


Bus Parity 


Noncorrectable Memory 
Error 


Device Interface: Each card reader requires its 
own Device-Pac (CRM9101) 

Data Transfer Mode: Automatic translation via 
system software of Hollerith or binary to 
ASCII 

Reading Technique: Photoelectric, column-by- 
column serially 

Card Specification: Standard punched or mark 
cards, 7 3/8 in. x 3 1/2 in. (18,6cm x 8,9cm), 
0.00770 in. (0,01956cm) thick; cards must be 
clean and free from excessive curl 

Physical Dimensions: 13 1/2 in. (34,3cm) high, 
19 1/4 in. (48,9cm) wide, 14 3/4 in. (37,5cm) 
deep 

Weight: 35 lb (15,9k) 

Required Input Power: 115 Vac + 10%, 48 — 
66 Hz, 175W 
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Card Reader on. Motor running. Input hopper 
not empty. Output hopper not full. 


Device ready condition has changed. 


The MDC/CP/BUS have failed to meet the Card 
Reader speed and data has been lost. 


The Mark Sense/STD switch on the Card Reader 
The 40/80 Column switch on the Card Reader 
The 51/80 column switch on the Card Reader 


The Clock Track/Internal clock switch on the 
Card Reader is in the Clock Track position. 


A pattern from card which does not translate 
to ASCII (in ASCII mode only). Data in error 


The Card Reader Device-Pac never reads 
memory and will never receive this indication 


A NAK was received from memory. Indicates 
possible programming error. 

Parity incorrect on bus transfer toward MDC. 
The Card Reader Device-Pac never reads 

memory and will never receive this error 

indication from memory. 


A change in condition. 


Read status word |. 
Next IOLD command. 


A change in switch position. 
A change in switch position. 
A change in switch position. 
A change in switch position. 
Next IOLD command. 


Next IOLD command. 


Next [OLD command. 


Next IOLD command. 


Next IOLD command. 


TELEPRINTERS 


Two teleprinter console devices, Types 
TTU9101 (ASR-33) and TTU9102 (KSR-33), are 
available for Level 6 system console and I/O use 
(Figure 6-5). Similar in operation and specifica- 
tions, they interface with the 6/30 Model proc- 
essors by means of a single-board Multiple Device 
Controller (MDC9101), a Console Device-Pac 
(KCM9101), and a 50-foot cable. Up to four 
teleprinters can be connected to a single MDC. 

Both teleprinter consoles print data from or 
transmit data to the central processor at the rate 
of ten characters per second. The TTU9101 can 
also read and punch paper tape at the same rate. 
The TTU9102 does not read or punch paper tape. 
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Figure 6-5. TTU9101 Teleprinter Console (ASR-33) 


Features 


@ Printing and paper tape reading and punch- 
ing in both online and offline modes 
(TTU9101) 

@ Online operation in full-duplex mode 

@ Test mode for easy maintenance 


Operation 

The teleprinter console control contains two 
eight-bit registers for full-duplex operation. Data 
transfers between the teleprinter console and the 
Level 6 processor are bit-parallel and under DMA 
(Direct Memory Access) control. 

While waiting for the buffer to become ready, 
the computer is free to perform other Operations. 
A program interrupt signals the central processor 
when further device servicing is required by the 
software. 


Printer 


The operations that the console printer can 
perform are: 


® Print one line 
@ Space n lines (n < 15) 
@ Space n lines and print. 
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Spacing will be done before printing. The 
software has control over whether the MDC will 
send a control character (e.g., CR) to the printer 
at the end of range or not. The line length and the 
specific control character required at the end of 
the line are determined by the specific console 
device chosen. 

A programmer may also do page printing, if 
desired, by outputting a sufficient range and 
inserting suitable control characters in the data 
stream. 


Keyboard 


The console keyboard may be used by the 
operator to input a message to a DMA block 
which had been previously set up by software. 
The range is typically set larger than the message 
which is to be entered. Software control exists 
over the type of character editing which is to be 
performed by the MDC. 


@ Define which character will terminate the 
Operation, when entered. 

@ Define which character performs a back- 
space, when entered. 

@ Define which character will cause the pre- 
ceding input message to be discarded. 
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@ Define a visible escape character so that 
arbitrary constants may be entered through 
the keyboard. 


Paper Tape Reader 


Software must issue a specific control character 
to the reader to start it. A DMA operation is then 
set up to read the tape. The record on tape should 
be equal to or less than the DMA range. The 
Console can be set up by software to issue, under 
the following conditions, a control character to 
the reader to turn it off. 


End of range 

Specific character encountered on tape 
Break detected 

Stop I/O from software 


The reader will respond to the following ASCII 
control codes: 


DC1 or X-ON — Automatically turns reader on. 
DC3 or X-OFF — Automatically turns reader 
off. 

ENQ — Turns reader off. 

EOT — Turns reader off. 


NOTE: These characters must be sent via an 
output order to the TTY. The reader 
does not stop upon reading the control 
character. 


Paper Tape Punch 


Software must issue a specific control character 
to the punch to turn it on. A DMA operation is 
then set up and the contents of the DMA block 
are punched. Where the record to be punched is 
greater than the DMA range, software will set up 
a new DMA block at end of range. The Console 
can be set by software to issue a control character 
to the punch under certain conditions: 


End of Range 

Error from Memory 
Break Detected 

Stop I/O from Software 


The specific control character is programmable 
and can be used, for example, to turn off the 
punch. 

The punch will respond to the receipt of ASCII 
control codes as follows: 


DC2 or TAPE — Turns the punch on 
DC4 or TAPE — Turns the punch off. 
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When sending these control characters to the 
punch, the software must insure that they are 
both followed by at least one DEL; ie.: 

DC2, DEL — Turns punch on. These two 

characters are not punched. All subsequent 

characters are punched until the punch is 
turned off. 
Data Format 

The range of the data buffer in memory is 
expressed in bytes and is ‘even gr odd. The 
starting address may be on any byte boundary. 
Data read or written by the MDC is packed two 
bytes per word. In the case of an odd byte (which 
may be at the start or end of block), only the 
designated byte may be transferred. The Console 
is set (by software) to operate in either of two 
modes: 

@ 8 bit direct transcription, or 

@ 7 bit with even parity. 

In case 7 bit mode is selected, the MDC 
generates the parity on output transfers and 
checks parity on input transfers. Figure 6-6 
illustrates the bit designations. Bit designations 
relative to the holes in the paper tape are shown 
in Figure 6-7. 


Instructions 

Table 6-7 lists the I/O commands to which the 
MDC/teleprinter Device-Pac/teleprinters respond. 
A detailed description of each command follows. 


NOTE: The instructions and programming 
information presented in this section 
(exclusive of paper tape operations) 
also pertains to users of the DKU9101 
CRT Keyboard Console Unit and the 
TWU9101 Keyboard Typewriter Con- 
sole. 


Output Commands 


Command: 
Output Interrupt Control 


Function Code: 


03 
Format: 
0 910 15 
CP Interrupt 
Channel Number Level 
Function 


Loads a 16-bit word into the interrupt control 
register with the information necessary for gener- 
ating an interrupt, ie., the interrupt level and 
which CP the interrupt is to be issued to. 
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DIRECT TRANSCRIPTION INPUT OR OUTPUT 


DATA BUS BIT 
DESIGNATIONS 


0 7 8 7 a 


DATA 
TO/FROM { bg 
CONSOLE 
bg 1 
SEVEN (7) BIT OUTPUT ASCII BIT 
0 1 7 8 9 15 DESIGNATIONS 


DATA TO 
CONSOLE 


SEVEN (7) BIT INPUT 


DATA FROM 
CONSOLE 


X= DON'T CARE, P = PARITY (EVEN) BIT 


Figure 6-6. Bit Designations 


Command: 
Output Control 
Function Code: 
01 
Format: 
CboIS4 15 
(TIE verte 
1 0 0 O- Initialize 
0 1 0 0-Stop I/O 
O00 1 0—Test Mode 
O 0 O |—Freeze Address 
Function: 


Loads a 16-bit control word into the refer- 
enced channel and will be accepted uncondition- 
ally regardless of any channel busy status. The 
channel may respond with a WAIT, but never 
with a NAK. The individual bits will cause the 
following specific action to occur: 
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FRAMEN+1 


FRAME N 


iN oN “nN ¢” 
NZ \sz NG 


VY 


HOLE =1 
NO HOLE=0 


Figure 6-7. Bit Designations on Paper Tape 
TABLE 6-7. TELEPRINTER COMMANDS 


Function 
Code 


Command 


Output Output Interrupt Control 

Output Control 

Output Address and Range 

NOTE: The low order bit of this 
command specifies the 
direction of data 
transfer. 

Output Configuration Word A 

Output Configuration Word B 

Output Task 


Input Interrupt Control 

Input Range (Residual) 

Input Configuration Word A 
Input Configuration Word B 
Input Status Word 

Input Device ID 

Input Memory Byte Address 
Input Memory Module Address 
Input Task Word 


Input 


® Initialize 
— Causes the MDC to run its resident logic 
test 
— Clears all MDC Device-Pacs 
— Operates on all channels of MDC 
— Makes all channels of MDC non-busy 
— Blocks interrupts 


AS22 


@ Stop I/O 
— Makes channel non-busy (causes interrupt 
if enabled) 
— Does not affect other channels 
— Causes channel to terminate its I/O opera- 
tion and update status 


@ Freeze Address 
— Prevents the MDC from modifying its 
DMA address register during operation. 
The console works normally in all respects 
except that the entire transfer takes place 
from the same memory location. 


@ Test Mode 
— See paragraph entitled “Test Mode.”’ 


A 


Command: 
Output Address and Range 


Function Code: 


09 
Format: 
0 23 
Address Transfer 
0 15 


Range Transfer 


Function: 

The IOLD command when executed by the 
processor creates two bus transfers to the MDC. 
The first is the 24-bit address transfer and the 
second is the 16-bit range transfer. To the MDC, 
these are two separate and distinct bus transfers 
with two separate and distinct function codes of 
O09 for the address transfer and OD for the range 
transfer. The programmer need only specify the 
first function code and the processor hardware/ 
firmware will automatically calculate the second 
function code (by adding 04 to it). 


e@ Address Transfer — A 24 bit quantity 
transferred to the MDC to be used as the 
starting byte address of the data record in 
memory which is to be transferred. 
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@ Range Transfer — A 16 bit quantity trans- 
ferred to the MDC to be used as the byte 
range count of the data record in memory 
which is to be transferred. Range is specified 
as a two’s complement integer which must 
be positive for the MDC. Therefore, for the 
MDC, Range is: 


I<r<2'>-] 


The range transfer includes an implicit start 
I/O command. When received by the MDC it 
causes the addressed channel to go busy and per- 
form the operation indicated by the previously 
supplied I/O commands. 

The LSB of the channel number (address bus 
bit 17) designates direction for this particular 
DMA transfer. Output transfers have the LSB of 
the channel number = 1. Input transfers have the 
LSB = 0. 


Command: 
Output Configuration Word A 


Function Code: 


11 
Format: 
0 78 15 
Control Control 
Character No. | Character No. 2 
Function: 


Outputs a word consisting of two control 
characters necessary during the execution of an 
input command. 


@ Control Character #1, when detected, will 
cause the console to perform a backspace, 
(i.e., the last character entered is eliminated 
from the input buffer). This is applicable to 
keyboard operations only. 

@® Control Character #2, when detected, will 
cause the console to terminate the input 
order, post the appropriate status bit and 
send an interrupt (if interrupt is allowed). 
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Following an initialize, control characters 1 and 
2 will be reset to zero. 


Command: 
Output Configuration Word B 


Function Code: 


13 
Format: 
0 78 15 
Control Control 
Character No. 3 Character No. 4 
Function: 


Outputs a word consisting of two control 
characters necessary during the execution of an 
input or output command. 


® Control character #3 is used differently asa 
function of the command type. During the 
execution of an input command type, detec- 
tion of control character #3 will cause the 
console to terminate the input order. In 
addition, upon termination of an input order 
(either normally or abnormally) control 
character #3 will be sent to the console to 
position the carriage to its home position or 
stop the tape reader. 
During the execution of an output command 
type, control character #3 will be sent to the 
console, if so specified in the command, 
with the purpose of positioning the carriage 
to its home position or stopping the paper 
tape punch. 


® Control character #4 applies to input opera- 
tions only. When received from the console, 
this character is discarded by the MDC and 
the character immediately following is input 
to memory regardless of its value. Control 
character #4 is used as an escape character 
so that the operator can input a character 
that was equal to CC1, CC2 or CC3 without 
causing the actions described for them. If 
control character #4 is set to zero, which it 
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is following an initialize, none of the escape 
actions described here will occur. 


Command: 
Output Task 


Function Code: 
07 


Format: 
For an output operation (print or punch) the 
task word has the following format: 


0 6 7 8 9 10 4 12. 45 
Not! B CR 
A) REO Pee 
ge NB NCR 


Bit 10 - Specifies the character width. 
0 =7 bit with even parity. The 
Device-Pac will take a byte from 
memory and alter its high order bit 
(if necessary) in order to obtain an 
even number of 1 bits. The byte is 
then sent to the TTY. 1 = 8 bit direct 
transcription. The Device-Pac takes 
the byte from main memory and 
sends it to the TTY with no 
modification. 

Bit 9 - Specifies whether or not 

control character #3 is to be sent 

to the TTY when the range equals 

zero. 


0 = Send CC #3 
! = Do not send CC #3 


Bit 6 - Specifies the required console 
action when a break is detected during 
an output operation. 0 = post break 
detected but continue current oper- 
ation until its completion. 1 = post 
break detected and stop immediately 
current operation. 


For an input operation (keyboard or paper 
tape read), the task word has the following 
format: 
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7 8 9 10 15 


Not Used 


cnn\|a 


Bit 10 specifies the character width. 


0-7 bit with even parity. The 
Device-Pac will insure that the byte 
received from the TTY contains an 


even number of 1 bits. In addition 
when storing the byte in main 
to zero. 


1 = 8 bit direct transcription. The 
Device-Pac performs no checks on 


Bit 9 specifies whether or not 
control character #3 is to be sent 
to TTY when the range equals 
zero. 


0 = Send CC #3 
1 = Donot send CC # 3 


Bit 8 


Check for control characters on input 
Do not check for control characters 
on input 

Bit 7 specifies whether or not echo- 

ing is required. 


—_ 
oul 


0 = Noecho 

1 = Echo character 
Bit 5 
0 = Append attention character 


1 Discard attention character 


Function: 

Outputs a word which determines the specific 
action to be performed. Bit interpretations differ 
for output and input operations. When this word 
is received by the MDC it is stored. The next 
IOLD command which is issued specifies the 
direction and, therefore, the interpretation. The 
task word will remain stored in the Device-Pac 
until a new task word is issued or initialize occurs. 

An input command is used to either accept a 
message from the keyboard or read a block (or 
part of it) from a paper tape mounted on the 
paper tape reader. A detailed description of the 
read keyboard or paper tape operation is given in 
the section entitled ‘Programming Considera- 
tions.” 

An output command is used to perform one of 
the following operations: 


Print/display a message to the operator 
Format the printer/display 

Start a paper tape punch 

Punch paper tape 

Start a paper tape reader. 
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memory, it will set the high order bit 


the byte received from the TTY and 
stores all 8 bits in the main memory. 


Input Commands 


Command: 
Input Interrupt Control 


Function Code: 


02 
Format: 
0 15 
Function: 


Causes the channel to place the contents of its 
interrupt control register on the data bus. 


Command: 
Input Range 


Function Code: 


OC 
Format: 
0 15 
Function: 


Causes the channel to place the contents of its 
channel register on the data bus. 


Command: 
Input Configuration Word A 


Function Code: 


10 
Format: 
0 15 
Function: 


Causes the channel to place the contents of its 
configuration word A register on the data bus. 


Command: 
Input Configuration Word B 


Function Code: 
12 
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Format: 


Format: 


15 


0 15 
PREPRESS ss popn raps payis 
~— —— 


8 5 A ee > Not 
5 i a Use & @ Used 
” 5 i 5 OT o 
Function: lS gels ple i caer 
Causes the channel to place the contents of its 3 3 8 = = EVER Se ds £ 
configuration word B register on the data bus. “8 & e 3a. 5 B35 hee 2 928 > 
fegeee FE8g ge a's ES 
Command: AESS22 e888 F3 832 £3 
Input Status Word 


Function Code: 
18 


Status Condition 
Device Ready 


Break Detect (Attention) 
Data Service Rate Error 
Data Parity Error (even) 


No Stop Bit Error 
Termination by Control 


Character #2 


Termination by Control 
Character #3 

Corrected Memory Error 

Non Existent Resource 


Bus Parity Error 


Uncorrectable Memory 
Error 
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| Control character #3 was detected in the input 


The data read from memory was accompanied 


The Device-Pac detected bad bus parity on a 


The data read from memory was accompanied 


Function: 
Causes the channel to place the contents of the 
status register on the bus. See also Table 6-8. 


TABLE 6-8. STATUS BIT DEFINITIONS — TELEPRINTER 


Definition Reset By 


In current loop connections, this indicates that 
the console is connected by the presence of 
the output current when the Device-Pac is not 
busy, i.e., not sending data to the console. In 
EIA connections, this indicates Data Terminal 
Ready for direct connections or Carrier Detect 
for data set connection. 


Operator pressed Break key. Bit 6 of the task 
word specifies the MDC action to be taken 
when this is received. 

While receiving, the MDC failed to take a 


character from the Device-Pac before the next 
character arrived. 


Change of status 


Initialize or status word fetch 


Same as preceding bit 


Device-Pac detected a data parity error. This is 
only applicable if the task word was set to 
specify 7 bit mode (Bit 10 = 0). 


A character was received from the console 
without a stop bit. 


Same as preceding bit 


Same as preceding bit 


Control character #2 was detected in the input | Next IOLD or initialize 


stream and caused a termination. 


Same as preceding bit 
stream and caused a termination. 


Same as preceding bit 


by a signal indicating an error was corrected. 


A reference was made to a memory address that 
did not exist. 


Same as preceding bit 


Input status or initialize 


transfer toward the MDC. 


Next IOLD or initialize 


by a signal indicating an error existed that the 
memory could not correct. 
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Command: 
Input Device ID 


' Function Code: 


26 
Format: 
0 15 
Function: 


Causes the channel to place its device identifi- 
cation number (2018 for the TTU9102; 2019 for 
the TTU9101; 2020 for the DKU9101) on the 
bus. 


Command: 
Input Memory Byte Address 


Function Code: 


08 
Format: 
0 15 
Memory Address Bits 
8 23 
Function: 


Causes the channel to place the 16 least 
significant bits of its DMA address register on the 
data bus. The bits represent the memory address 
register bits 8-23. 


NOTE: This command will violate memory 
protection. 


Command: 
Input Memory Module Address 


Function Code: 


OA 
Format: 
: 18 15 
Not Used Memory Address Bits 
Function: 


Causes the channel to place the eight most 
significant bits of its DMA address register on the 
data bus. The bits represent memory address bits 
from 0 through 7 inclusive. 


NOTE: This command will violate memory 
protection. 
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Command: 
Input Task Word 
Function Code: 
06 
Format: 
0 15 
Function: 


Causes the channel to place the contents of its 
task word register on the bus. 


Programming Considerations — Console 
The operations required by the software to 
control the console are the following: 


e Load Configuration 

@ Read Keyboard (i.e., read a message entered 
by the operator through the keyboard) 

@ Print/Display (i.e., print or display a message 
to the operator on the printer 

@ Read Status 

® Stop I/O (ie., stop the I/O operation cur- 
rently in progress) 

e Attention (ie., react to the detection of an 
operator generated Break request). 


Load Console Configuration Operation 

Prior to executing a read or print/display 
operation, the software must preset the TTY by 
loading it with the appropriate configuration 
word(s) to insure proper operation execution. 

The configuration information need be loaded 
only once before a series of console operations 
and will remain unchanged until a paper tape 
operation is performed. Thus any console opera- 
tions which follow at least one paper tape 
operation must be preceded by a load configura- 
tion operation. 


Two commands are available to load the 
console configuration information, they are: 


@ Output Configuration Word A 
e@ Output Configuration Word B 


The contents of the configuration words should 
be as shown in Table 6-9. The console control 
characters and character set is shown in Table 
6-10. 


6-17 AS22 


TABLE 6-9. CONTENTS OF CONFIGURATION WORDS — CONSOLE 


Configuration Word A Configuration Word B 
Operation Consists of 2 Bytes Consists of 2 Bytes 
Performed Set Control Character | Set Control Character | Set Control Character | Set Control Character 
#1 To: #2 To: #3 To: #4 To: 
Read a @ CR \ 

(Note |) (Note 1) (Note 2) (Note |) 

Print/Display Not Used Not Used CR Not Used 

(Note 2) Set to 00 


NOTES: 
1. This specific character is chosen by software convention, however other values are permitted. 


2. This specific character is required by the ASR TTY peripheral. Any other character configured here would 
be output to the device and would cause an action determined by the specific peripheral used. 


TABLE 6-10. CONSOLE CODE SET 


by 0 0 0 i i 1 
b6 0 0 1 1 0 0 1 
Bie ee DS 0 1 0 1 0 1 1 
ve 8 | te | Oe owe 
0|o0!o0!]o0] 0 @ P p 
OP iO! LOS ph Mell A Q a q 
0 0 | 0 2 B R b i: 
0 0 l i 3 C S) ¢ S 
0 I 0 0 4 D T d t 
0 | 0 | 5 E U e u 
0 I | 0 6 F Vv f Vv 
0 l 1 l 7 G W g w 
] 0 0 0 8 H x h x 
| 0 0 l 9 I Y i y 
| 0 1 0 10 J Z j Zz 
beh Oe) ath ae) Ai K [ k 
Bp ae 6 gett: 5 L \ 
ie ie as Gea a M | m 
l 1 | 0 14 N /N n 
| l I 1 1S O —_— 0) | DEL 
*b1 is low order bit All characters in “Fold-over Printing” means that lower case char- 
these two rows + SP acters received by model 33’s are actually printed 
(space) and DEL as their upper case equivalent. Codes shown in 
(delete) are non- Columns 6 & 7 of the chart ‘“‘fold-over” into 
printing. Columns 4 & 5 respectively, (except for “‘DEL”). 
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BIT 5 - Set to 0 to append attcntion 
character or set to | to discard it. 


Read Keyboard Operation 

A read operation is initiated by the software to 
allow an operator to generate a message via the 
keyboard. The following commands must be 
issued by the software to the TTY to initiate the 
read operation: 


® Output Task 
® Output Address and Range OLD) 


The sequence in which the above listed com- 
mands must be issued is as shown, otherwise 
unspecified results occur. However, if a series of 
Read Keyboard Operations is to be performed, 
then the Output Task command need be sent only 
once. All subsequent Read Operations need only 
the Output Address and range command. Typi- 
cally, the software will initiate a read operation 
with interrupt allowed and set the range to 72 
characters. Thus it will be interrupted only after 
the receipt of a complete message. 

If operating in non-interrupt mode then the 
software will have to periodically issue an Input 
Status Word command and test the I-bit of the CP 
I-register. This bit will reflect the state of the 
attachment i.e., busy or not. 

The range should normally be set to 72, but if 
set to less, then upon detection of range equal to 
zero, the attachment will automatically terminate 
the order and perform a carriage return. 

A Read operation is initiated upon receipt of 
the Output Address and Range command. The 
channel number will have its lower bit set to zero. 
It should be set as follows: 


Task Word 0 5 6 7 8 9 10 15 
Used to R 0 CR | 7 

Read a F ~ |  |-|Not Used 
Message U 1 NCR| 8 


BIT 7 - Set to | or echo all characters received 
from the keyboard to the printer. 
(Recommended rather than required.) 


BIT 8 - Set to 0 to check for control characters on 
input or set 1 to not check for control characters. 


BIT 9 - Set to 0 or send control character #3 to the TTY 
when the range equals zero. 


BIT 10 - Set to 0 or 7 bit with even parity. 


The functions performed during execution of 


the read operation are as follows: 


® Accept the characters typed by the operator, 


store them in the main memory buffer, and 


print them on the printer. 
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e Edit the text in conjunction with the soft- 
ware. Specifically, upon detection of the 
control character. 


A— Eliminate the last valid entered charac- 
ter from the main memory buffer by updat- 
ing the range and address pointers. (The 
deleted data character is not erased from the 
main memory buffer but will be overwritten 
by the next data character, if any.) 


@ — Inform the software that the operator 
desires to cancel the line just entered. The 
software will then re-issue the read opera- 
tion. 


\ — Discard the control character and input 
the following character regardless of its 
value. This is an escape mode which allows : 
the input from the keyboard of a character 
which has a value equal to one of the other 
three control characters without the usual 
action being taken. 

© Position the carriage/cursor at the home 
position upon termination of the read opera- 
tion. Then set the attachment in the unbusy 
state and send interrupt if so required. 


Print/Display Operation 

A print/display operation is initiated by the 
software to output a message to the operator. The 
following commands must be issued by the 
software to the TTY attachment to initiate the 
output operation. 


@® Output Task 
® Output Address and Range (OLD) 


The sequence in which the above listed com- 
mands must be issued is as shown, otherwise 
unspecified results will occur. However, if a series 
of similar Print/Display Operations is to be 
performed, then the Output Task command need 
be sent only once. All subsequent Print/Display 
operations need only the Output Address and 
Range command. . 

Typically, the software will initiate an output 
operation with interrupt allowed and thus will 
not be interrupted until the entire message has 
been printed/displayed. 

If operating in non-interrupt mode then the 
software will have to periodically issue an Inter- 
rupt Status Word 1 command and test the [-bit of 
the CP I-register. This bit will reflect the state of 
the attachment, i.e., busy or not. 

An output operation is initiated upon receipt 
of the Output Address and Range command. The 
channel number will have its lower order bit set 
to one. The task word should be set as follows: 
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Task Word Used 


a : uy gil cr |? 
a : Sci B ; 
To Print/Display RFU XB g g Ncr a 
a Message eee ey as Penee abe! 
BIT 6 - Optional, ae 


specify either; just log 
break condition or stop 
immediately the output 
Operation. 


BIT 9 - Optional, can specify 
carriage return/cursor home 
or not. 


BIT 10- Set to0 or ——___l"/"W_W__"J_[_ 
seven bit with even 
parity. 


The functions performed during the execution 
of an output operation can be one or more of the 
following in the order shown: 


@ Space 0-15 lines 
@ Print a message or do not print 
@ Perform a carriage return or not. 


When used in this mode, which is one line of 
print per IOLD, the TTY automatically performs 
the carriage return if so requested. If it is desired 
to print more than one line, the text will have to 
contain: CR, LF, DEL, DEL every 72 characters 
or less (one line length). Failure to do this will 
result in loss of the data characters beyond 
character number 72. 


Console Read Status Operation 

A Read Status Operation is initiated by the 
software in order to determine the outcome of an 
input or output operation or upon receipt of an 
unsolicited (Attention) interrupt. The following 
commands are issued by the software to the TTY: 


@ After a Read Keyboard Operation 
— Input status 
— Input range 
e@ After a Print Operation 
— Input status 
@ Upon receipt of an unsolicited (Attention) 
interrupt 
— Input Status 


Following a read keyboard operation, the 
software must retrieve the residual range in order 
to determine the length of the input message. 

Typically, the software will be interrupt-driven 
and thus will perform a Read Status Operation 
only upon receipt of an interrupt. 

If operating in non-interrupt mode then the 
software will perform a Read Status Operation 
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following the execution of an input or output 
operation in order to determine its completion 
and outcome. 


Console Stop I/O Operation 

A Stop I/O Operation is initiated by the 
software to terminate gracefully an outstanding 
input or output operation. It is issued via an 
Output Control command having its bit 1 set toa 
one. Assuming no hardware faults in the con- 
troller, it will terminate the current order and 
enter the non-busy state. The console will also 
send an interrupt, if allowed. 

Although the Stop I/O can be issued to 
terminate both input and output operations, it is 
expected that it will be used mainly to terminate 
outstanding read keyboard operations. This will 
result in those cases when no operator or response 
is detected following the expiration of a software 
controlled elapsed time. 


Attention 

Attention is the mechanism used by the opera- 
tor to establish a dialogue with the system 
software. It is invoked by the operator, by 
pressing BREAK key on the keyboard. 

Typical usages of this mechanism are: 


@ To make an inquiry 

@ To answer a question 

@ To terminate an output operation 
@ To direct the system software. 


The functions performed by the attachment 
upon detection of an Attention are a function of 
the Device-Pac state : 


@ For Device-Pac Ready (not busy) 
~- Store the Attention character in the MDC 
R/W memory 
~ Send an interrupt to the software, if so 
allowed 
- Append the Attention character to the 
beginning of the next input message, if so 
requested, and echo to the console as 
verification to the operator. 
@ For Device-Pac Busy performing output 
~ Store the Attention character in MDC 
R/W memory 
— If character is a break, check bit 6 of task 
word, terminate output and interrupt (bit 
6=1) 
— Otherwise, just set Attention status and 
wait for normal termination of output. 


® Attention does not 
operations. 


pertain to input 
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The reaction of the system software to an 
Attention will be: 


® Output some sort of an acknowledgement 
message on the printer or display (e.g., a 
question mark) 

@ Issue a read keyboard command to accept 
the operator’s message or command. 


The Device-Pac will guarantee that only one 
Attention interrupt will result for every depres- 
sion of a key. 


Programming Considerations — Paper Tape 

The operations required by the software to 
control the paper tape reader and punch are the 
following: 


Load Configuration 
Read Paper Tape 
Punch Paper Tape 
Read Status 

Stop I/O 


Load Paper Tape Configuration Operation 

Prior to executing a paper tape read or punch 
operation, the software must preset the TTY 
Device-Pac by loading it with the appropriate 
configuration word(s) to insure proper operation 
execution. 

The configuration information need be loaded 
only once before a series of paper tape operations 
and will remain unchanged until a console opera- 
tion is performed. Thus any paper tape operations 
which follow at least one console operation must 
be preceded by a load configuration operation. 

Two commands are available to load the paper 
tape configuration information. They are: 


® Output Configuration Word A 
® Output Configuration Word B 


The contents of the configuration words 
should be as shown in Table 6-11. 

The specific characters in Table 6-11 are 
required by the TTU9101. Any other character 
configured here would be output to the device 
and would cause an action determined by the 
specific peripheral used. 


Read Paper Tape Operation 

A read operation is initiated by the software to 
read either one entire tape block or portion of a 
tape block. The following commands must be 
issued by the software to the TTY to initiate the 
read operation: 


1. First the reader must be started via an 
output command sequence which sends one 
X-ON control character to the reader: 

a. Output Task and 
b. Output Address and Range (IOLD). 

2. Then the read order itself is issued via an 

input command sequence: 
a. Output Task and 
b. Output Address and Range (IOLD). 


The sequence in which the above commands 
must be issued is as shown, otherwise unspecified 
results will occur. In addition, as soon as the first 
command sequence (that starts the reader) is 
completed, the second command sequence must 
be initiated to ensure no loss of information. The 
time between the two sequences should be less 
than two character frames (approximately 180 
msec.). 

Typically, the software will initiate a read 
operation with interrupt allowed and read one 
entire block. Thus it will be interrupted twice: 


e After starting the reader and 
@ After one entire block has been read and the 
tape is stopped in the inter block gap. 


TABLE 6-11. CONTENTS OF CONFIGURATION WORDS — PAPER TAPE 


Configuration Word A 
Consists of 2 Bytes 


Configuration Word B 
Consists of 2 Bytes 


Operation Performed 
Set Control Set Control Set Control Set Control 
Character #1 To: Character #2 To: Character #3 To: Character #4 To: 
TAPE TAPE X off Not Used 
Set to 00 
Not Used Not Used TAPE Not Used 
Set to 00 
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If operating in non-interrupt mode, then the 
software will have to periodically issue an Input 
Status Word command and test the I-bit of the CP 
I-register, to determine whether or not the attach- 
ment is still busy. 

In addition, if the software reads a block in 2 
or more segments, the reader is not capable of 
stopping between tape frames. Thus, the software 
must initiate a new read operation in less than 
one character time (approximately 90 msec.) or 
else data will be lost. 

A read operation is initiated by starting the 
reader via an output sequence. It is initiated upon 
receipt of the Output Address and Range com- 
mand issued to the output channel (lower order 
bit of channel number will be set to 1). It should 
be set as follows: 


0 6 7 8 9 10 11° 12 15 
Task Word Used . CR 17 
to Start the ot} ee Nee 
Paper Tape Used 
NCR} 8 
Reader 


Bit 6 -- Set to zero or 
log break if detected, 
but do not terminate 
output. 


Bit 9 - Set to | or do not send 
control character #3 to TTY 


Bit 10 - Set to 1 or 8 bit 
transfer to TTY 
Bit 12- 15- Set toO 


The Output Address and Range command should 
point to one X-ON control character (HEX code 
=11). 

The functions performed during the start 
reader sequence are: 


@ Send one X-ON character to TTY (software) 

@ If operation terminates successfully then set 
the TTY to the unbusy state and send 
interrupt, if so required. 

© If operation terminates because either a Stop 
I/O, Break or error condition was detected, 
then STOP the reader by sending it Control 
Character #3 (set to X=OFF). 


NOTE: When performing a read operation, the 
configuration parameters are set to the 
read state although both an output and 
input sequence are executed. 


Next a read sequence must be issued. The read 
operation is initiated upon receipt of the Output 
Address and Range command issued to the input 
channel. The channel number will have its lower 
order bit set to zero. It should be set as follows: 
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Task Word 0 5 6 7 8 9 10 15 
Used to R 

Read a F RFU 

Paper Tape U 

Block 


Bit 5 — Set to one or 
discard the attention 
character. 
Bit 7 - Optional, although 
it is expected that most of 
the time Bit 7 = 0 or no 
echo required. 


Bit 9 - Set to 1 or do not 
send control character #3 
to the TTY when the range 
equals zero. 


Bit 10 - Optional, depends 
on data type being read. 


The functions performed during the read 
sequence are: 


@ Accept the characters read by the reader and 
store them in the main memory buffer. 

@ The data read is also printed, if so specified. 

@ If read operation terminates because range = 
0, then do not stop reader but set the 
attachment to the unbusy state and send 
interrupt, if so required. 

© If read operation terminates because a con- 
trol character #2 (set to TAPE) or control 
character #3 (set to X-OFF) is detected, 
then stop reader by sending it control 
character #3. Then set the TTY to the 
unbusy state and send interrupt, if so 
required. 


Punch Paper Tape Operation 

A punch operation is initiated by the software 
to generate either one entire tape block or 
portion of a tape block. The following commands 
must be issued by the software to the TTY to 
initiate the output operation. 


® Output Task 
® Output Address and Range (IOLD) 


The sequence in which the above listed com- 
mands must be issued is as shown otherwise 
unspecified results will occur. However, if a series 
of paper tape punch operations is to be per- 
formed, then the output task command need be 
sent only once. All subsequent punch operations 
need only the output address and range com- 
mand. 

Typically, the software will initiate a punch 
Operation with interrupt allowed and punch one 
entire block. Thus it will be interrupted only after 
the entire block has been punched. 
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If operating in non-interrupt mode, then the 
software will have to periodically. issue an Input 
Status Word command and test the I-bit of the CP 
I-register to determine whether or not the attach- 
ment is still busy. 

If the software punches a block in 2 or more 
segments, the punch will stay on between seg- 
ments and thus no console print/display opera- 
tion should be initiated until the punch is stopped 
(else the data printed/displayed will also appear 
on the tape). 

The punch operation is initiated upon receipt 
of the Output Address and Range command. The 
channel number will have its lower order bit set 
to one. It should be set as follows: 


0 5 6 7 8 9 10 11 15 
Task Word B M cR |7 
Used to oe log _~ |-7} oloo00 
Punch Paper NBII z NCR| 8 
Tape - 


-Bit 6 - Optional, can specify either just log 
break condition or stop immeiliately the 
output operation. 
Bit 9 - Optional if punching an 
entire block then set Bit 9 =0 
ie., send control character #3 
(TAPE OFF) to TTY when the 
range = 0. 


If punching only a segment then 
set Bit 9 = 1, i.e., do not send 
control character #3 to TTY when 
the range = 0. 


Bit 10 - Optional, depends 
on data type being punched. 


Bits 12 - 15 
Set to 0 


The functions performed during the Punch 
operation are: 


@ Start the punch. This is a software function 
and requires that two control characters 
(TAPE, DEL) be issued to the TTY. They 
are expected to normally be the first two 
characters in the punch buffer or possibly 
issued separately. 

@ Punch the block or a segment of it. 

@ Stop the punch if so specified after a normal 
termination. Then set the attachment to the 
unbusy state and send it an interrupt if so 
required. 

@ Stop the punch if either a Stop I/O or Break 
is detected. Then set the attachment to the 
unbusy state and send an interrupt if so 
required. 


PERIPHERAL DEVICES 


Paper Tape Read Status Operations 

A Read Status Operation is initiated by the 
software in order to determine the outcome of an 
input or output operation. The Input Status Word 
command is issued by the software to the TTY. 

Typically, the software will be interrupt driven 
and thus, will perform a Read Status operation 
only upon receipt of an interrupt. 

If operating in non-interrupt mode, then the 
software will perform a Read Status operation 
following the execution of an input or output 
operation in order to determine its completion 
and outcome. 


Paper Tape Stop I/O Operation 

A Stop I/O Operation can be initiated by the 
software to terminate gracefully an outstanding 
input or output operation. It is issued via an 
Output Control command having its bit 1 set toa 
one. Assuming no hardware faults in the attach- 
ment, it will terminate the current order and 
enter the non-busy state. The attachment will also 
generate an interrupt if allowed. 

It is not expected that Stop I/O operations will 
be used to stop paper tape operations. Neverthe- 
less there might be situations caused by operator 
mistakes, (i.e., a paper tape is to be read, but it 
was not mounted) where the Stop I/O operation 
might be required. 


Specifications 


Printer 
Feed: Friction 
Paper Capacity: 8 1/2-inch (21.59cm) wide, 
5-inch (12.70cm) diameter roll 
Print Speed: 10 characters per second 
Character Density: 
Horizontal — 10 characters per inch, 72 
characters per line 
Vertical — 3 or 6 lines per inch 
Punch (TTU9101) 
Tape: l-inch wide, 8-level, paper or mylar- 
paper combination 
Tape Roll Capacity: 855-foot (260.6m) roll 
Punch Speed: 10 characters per second (feed 
and punch) 
Character Density: 10 characters per inch 
Reader (TTU9101) 
Tape: l-inch wide, 8-level, paper or mylar 
paper combination 
Read Speed: 10 characters per second 
Character Density: 10 characters per inch 
EIA Interface 
Asynchronous data transfer with one or two 
stop bits; 110 baud operation 
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Device Interface 
Each teleprinter console requires its own Con- 
sole Device-Pac (KCM9101) 

Physical Dimensions 
TTU9101 (ASR-33): With pedestal — 32 7/8 
in. (83.48cm) high, 22 in. (55.88cm) wide, 18 
1/2 in. (46.99cm) deep; weight 56 lb. (25.37 
kg) 
TTU9102 (KSR-33): With pedestal — 32 7/8 
in. (83.48 cm) high, 18 5/8 in (47.32 cm) wide, 
18 1/2 in. (46.99 cm) deep; weight 52 Ib. 
(23.56 kg) 
Required Input Power: 115 VAC 10%, 48—66 
Hz, 128W. 


CRT KEYBOARD CONSOLE 


The DKU9101 CRT Keyboard Console Unit 
permits conversational message transfer, status 
display, and operator control of any 6/30 Model 
system to which it is attached (Figure 6-8). 
Utilizing the latest in computer technology, it 
features a high level of reliability and yet main- 
tains a relatively low price. 

The DKU9101 consists of a CRT display unit 
with a detachable keyboard unit permitting flex- 
ibility of operation and placement. The CRT 
interfaces with the Level 6 processor by means of 
a single-board Multiple Device Controller 
(MDC9101) and a CRT Device-Pac (KCM9101). 


Features 

® Bottom line entry display with roll-up line 
feed 

® Displays 960 positions on 12 lines of 80 
positions each 

@ Displays 64 distinct characters including 
space plus audible alarm 

@ Keyboard has 60 encoded keys and N-key 
roll-over 

@ Keyboard can generate 128 ASCII codes 
using SHIFT, UNSHIFT and CONTROL 
keys 

@ BREAK, ESCAPE, DELETE, and CLEAR 
keys provide flexibility 

® 60 mA current-loop interface or Bell 103A 
modem compatibility 

@ Two-way simultaneous or two-way alternate 
transmission 

@ Keyboard input displayable when received 
or upon transmission 

® Two-way audible alarm 


Keyboard 

The console keyboard utilizes solid-state, high- 
reliability switches as keys. The keyboard permits 
the entry of variable data and program param- 
eters. The 60 keys can generate 128 characters of 
the ASCII code set. The characters include 26 
alphabetic, 10 numeric, and 32 special symbols. 


Figure 6-8. DKU9101 CRT Keyboard Console 
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Also included are 12 control keys. See Figure 6-9. 


A special entry marker (cursor) appears on the 
console display screen to indicate the location of 
the next character to be displayed. The DKU9101 
uses the “‘bottom line entry” approach for the 
display. The cursor moves only on the bottom 
line of the display. The bottom line display 
operates just like the print line of a journal roll, 
ic., a line feed causes the entire display page 
(including the bottom line) to move up one line, 
leaving the new bottom line blank, or clear. A line 
return causes the cursor to move to the left 
margin first display position. 


Display Screen 

Manually entered data and processor-generated 
inquiries and responses are displayed ona 12-inch 
cathode ray tube. With a display of up to 960 
characters (12 lines, 80 characters per line) and a 
60 frames-per-second refresh rate, the display 
projects clear, bright, easily read information. The 
operator has access to all character positions 
within the bottom line. 


Two-Way Audible Alarm 

An operator-attention alarm sounds whenever 
the console receives a BEL code or when a 
character is displayed in the 75th character (or 
column) position. 


Options 
@e DKU9102 — 95 character, upper and lower 
case display capability 
@ DFK9101 — Non-reflective faceplate 


Operational Enhancements 

Nondestructive cursor movement, backward 
and forward, a step at a time within the bottom 
line provides for applications enhancement. Clear- 
ing or erasing of the entire CRT screen via single 
key depression is also included to enhance opera- 
tion. 

These capabilities are inherent and may be 
enabled when desired. Additionally, the trans- 
mission rate is variable by steps between 75-9600 
bps. Character size may include one or two stop 
bits as well as a choice for a parity bit to be odd, 
even or not needed. An extension 4-wire RS232C 
voltage level interface port is provided to accom- 
modate an auxiliary device, e.g., a serial printer. 


Instructions 

The instructions and programming information 
presented for the teleprinters (excluding paper 
tape operations) is also applicable for the CRT 
Keyboard Console. 


Specifications 

Keyboard 
TTY layout; 60 keys/128 character ASCII code 
set; N key rollover 


Figure 6-9. DKU9101 Keyboard 
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Physical Dimensions: 
17.88 in. (45.41 cm) wide; 8 in. (20.32 cm) 
deep; 3 in. (7.62 cm) high 

Display 
960-character screen; 80-character line; 12 
lines; display 64 upper case ASCII charac- 
ters/95 upper and lower case ASCII characters 
with Option DKU9102, including space; 5 x 7 
character matrix; displayable screen area — 54 
square inches; character size — 0.080 x 160 
inches. 

Physical Dimensions: 
18.12 in. (46.02 cm) wide; 17.50 in. (44.45 
cm) deep; 13.12 in. (33.32 cm) high; display 
and keyboard combination depth is 23.75 in. 
(60.32 cm) 

Interface 
60 mA or 20 mA current loop; Bell 103A 
modem compatibility 

Device Interface 
Each CRT Keyboard Console requires its own 
Device-Pac (KCM9101). 


KEYBOARD TYPEWRITER CONSOLE 


The TWU9101 Keyboard Typewriter Console 
meets the need of users with heavy demands on 
their console I/O operations (Figure 6-10). The 
console prints at up to 30 characters per second 
and provides 132 print positions for the 64- 
character ASCII code set. 


The console interfaces with the 6/30 Models by 
means of a single-board Multiple Device Con- 
troller (MDC9101), a Console Device-Pac 
(KCM9101), and a 50-foot cable. 


Features 
@ Print speed of up to 30 cps 
@ Original and up to four carbon copies 
® Up to 132 print positions 
@ Paper-out sensor 
®@ No fill characters required during CR/LF 


Programmed Operations 
@ Print message on console typewriter 
@ Space paper 
@ Accept message from keyboard 


Instructions 

The instructions and programming information 
presented for the teleprinters (excluding paper 
tape operations) is also applicable for the key- 
board typewriter console. 


Specifications 
Print Speed: 
30 characters per second 
Print Format: 
10 characters per inch, horizontal; 6 characters 
per inch, vertical 
Character Set: 
64-character ASCII set 


Figure 6-10. TWU9101 Keyboard Typewriter Console 
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Print Ribbon: 
Cartridge type, replaceable by operator 

Paper Stock: 
Standard continuous fanfold paper forms with 
feed holes on each edge with or without margin 
perforations; 7.62 cm (3.0 in.) to 43.2 (17 in.) 
forms length; 10.16 cm (4.0 in.) to 38.1 cm 
(15 in.) forms width. 

Device Interface: 
Each keyboard typewriter console requires its 
own Device-Pac (KCM9101) 

Matrix Font: 
7x 9 Dot; equivalent to 10 point type 

Physical Dimensions: 
19.05 cm (7.5 in.) height; 57.15 cm (22.5 in.) 
width; 52.07 cm (20.5 in.) depth without 
keyboard, 66.04 cm (26.0 in.) depth with 
keyboard. 


DISKETTES 


The DIU9101 Single Diskette and _ the 
DIU9102 Dual Diskette provide low-cost, versa- 
tile disk storage for users of the 6/30 Models 
(Figure 6-11). Data is recorded on the magnetic 
oxide-coated surface of an eight-inch flexible 
mylar disk (diskette). Each removable diskette 
has a data capacity of 256,256 bytes. 


The diskettes are available singly (1-2 diskettes) 
or in a dual configuration (mix of 4 diskettes). A 
DIM9101 Diskette Device-Pac is required and 
supports up to two DIU9101 Single Diskettes or 
one DIU9102 Dual Diskette. The diskettes, which 
are offered in convenient, rack-mountable or 
free-standing tabletop versions, interface with the 
Level 6 processor by means of a single-board 
Multiple Device Controller (MDC9101), a Disk- 
ette Device-Pac (DIM9101), and a power supply. 
There is a maximum of two Device-Pacs/four 
diskettes per MDC. 


Features 

@ Available in configuration of 14 diskettes 
(256K B-1,025KB) 

@ Use of flexible disk 
— Inexpensive media 
— Simple to load and handle 
— Easy and convenient to transport 
— Minimum storage space required 

@ Media compatible with IBM 3740 

® Minimum operator intervention necessary 

@ Data integrity achieved through the use of 
an error detection code. 


Figure 6-11. Free-Standing Tabletop Dual-Diskette 
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Operation 

Each track on the diskette contains up to 26 
equal length sectors of 128 bytes each with 
records starting at the beginning of a sector, 
There are 77 tracks yielding a total formatted 
capacity of 256,256 bytes. All data transfers are 
under DMA (Direct Memory Access) control. 

While waiting for the diskette to become ready, 
the CP is free to perform other operations. A 
program interrupt signals the central processor 
when further device servicing is required by 
software. 

The recording medium is composed of a single 
flexible disk of mylar which has a magnetic oxide 
coated recording surface and is packaged in a 
protective envelope that is never removed. The 
total disk package is only eight inches square. 

When loading the disk, the operator lifts the 
diskette cover and places the envelope/disk pack- 
age in position. When the cover is closed, the 
diskette spindle automatically engages the disk 
and the diskette is ready for operation. 

Associated with each device (spindle) is a set of 
registers which are loaded by software and specify 
the parameters required for disk operation. In 
addition to range and address registers there are 
two configuration registers which contain record 
location and identification information and a task 
register which contains command codes. To 
perform a specific operation, software first loads 
the address, range and appropriate configuration 
registers (if any), The task register is loaded last 
and specifies the operation to be performed. The 
controller begins command execution when it 
receives the task word. 

Commands addressed to a non-busy Diskette 
device will always be accepted but execution may 
be delayed if a data transfer is being performed 
on another diskette. All commands addressed to a 
busy Diskette device will be rejected (NAK 
response on Bus) except from an Output Control 
Word. 

Bits 0-7 of configuration register B are treated 
as a sector number. This field is automatically 
updated by the controller during Read and Write 
Data Commands (see paragraphs entitled “Read 
Data” and ‘“‘Write Data’). The sector number 
field of configuration register B will be incre- 
mented by one at the end of each error free data 
field and will point to the next sector on the 
track when a Read or Write operation is com- 
pleted. This feature makes it unnecessary for 
software to update the configuration register 
when doing a series of sequential Read or Write 
Data Commands on the same track. Note that 
during an extended update Read or Write, records 
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will be processed in numerical order (not neces- 
sarily the order in which they are physically 
recorded). An extended operation can, therefore, 
be used to advantage on files that are recorded 
using a Sector Identifier (ID) interleaving tech- 
nique as well as on files that are recorded in 
numerical order. 

If, during a read data operation, a read error is 
encountered in a data field, the sector number 
field of configuration register B will not be 
incremented. The command will be terminated in 
this case and the sector number field will refer- 
ence the sector in which the error was encoun- 
tered. 


Data Format 

Each track on the diskette contains up to 26 
equal length sectors of 128 bytes each. There are 
77 tracks numbered from 0 through 76 yielding a 
total formatted capacity of 256,256 bytes. The 
data encoding scheme is double frequency record- 
ing and each field is preceded by an address mark 
and followed by a two byte Error Detector Code 
(EDC). 

The Sector ID fields are software program- 
mable and do not have to be numerically sequen- 
tial, Note that the third byte of the Sector ID 
fields will be treated by the diskette subsystem as 
a sector number. 

When a track is formatted, up to 26 sectors are 
written beginning at the index. The sector headers 
are specified by software and are extracted from 
memory during the format operation. This allows 
software to specify any sequence of sector IDs it 
may require to implement various interleaving 
schemes. Data will be read from memory to 
format up to 26 sector IDs (see paragraph entitled 
“Format Write.’ Data fields will be zero filled 
during formatting. 

Records may be deleted from any point ona 
track with the “Write Deleted Data’ command. 
This operation causes the data field of the 
addressed record to be updated in the normal way 
except that a special “deleted data field’’ address 
mark will be used to identify the field as having 
been deleted. This record will be automatically 
passed over in subsequent Read Data commands. 


Track Format 
The diskette track format is illustrated in 
Figure 6-12. 


Pre-Index Address Mark Gap (GAP 1) 

This field begins at the leading edge of Index 
Pulse and is comprised of 40 hexadecimal 00 of 
FF bytes. This field may, in some cases, be 47 
bytes long. 
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INDEX ADDRESS MARK FIELD 


IDENTIFIER MARK 


ADDRESS 
IDENTIFIER 


4 BYTES 


11 BYTES 


SECTOR IDENTIFIER 


$$. SECTORS | — M (M < 26) ———_—__—_—____» 


247 BYTES (NOMINAL) 


DATA MARK 


6 BYTES 1 | 128 BYTES 27 BYTES 


EE ance 


DATA BLOCK 


Figure 6-12. Diskette Track Format 


Index Address Mark Field 

This is an optional field which, when included, 
is comprised of 6 hexadecimal 00 bytes and one 
Address Mark byte (AM1). The Index Address 
Mark byte is illustrated in Figure 6-12. If this 
field is not included, the corresponding area on 
the track becomes part of the Pre Index Address 
Mark Gap. In this case the Pre Index Address 
Mark Gap is 47 bytes long. 


Post Index Address Mark Gap (GAP 2) 

This field begins with the first byte after the 
Index Address Mark field (or is an extension of 
the Pre Index Address Mark Gap if the Index 
Address Mark is omitted) and is comprised of 26 
hexadecimal 00 or FF bytes. 


Sector Identifier 
The Sector Identifier Field is illustrated in 
Figure 6-13. 


IDENTIFIER MARK ADDRESS IDENTIFIER 


6 BYTES 00 ul TRACK SECTOR ye 
y) 2 BYTES 


Figure 6-13. Sector Identifier 
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Identifier Mark 

This field is comprised of 6 hexadecimal 00 
bytes and a Sector Identifier Address Mark 
(AM2 — see Figure 6-13. Any noise areas in a 
preceding gap caused by write current turn-on or 
turn-off transients must not extend into this field. 


Address Identifier 

The first byte of the Address Identifier field 
(Track Number) is a binary number which repre- 
sents the logical track number starting with 
hexadecimal OO for the outermost track and 
increasing toward the center of the diskette. For 
some media, defective tracks may be skipped and 
the track address numbering continued sequen- 
tially with the next good track. 

The second and fourth bytes of the Address 
Identifier field are reserved for future use (must 
be set to hexadecimal 00 by software). 

The Sector Number byte (third byte of the 
Address Identifier field) is the binary representa- 
tion of the sector number. This can be of any 
value from zero to 255 (hexadecimal FF). The 
order in which sectors are numbered or recorded 
on the diskette is not restricted by the hardware. 

The last two bytes of the Address Identifier 
field are EDC bytes. These bytes are hardware 
generated by shifting serially the bits of the 
associated field through a 16 bit shift register 
(initialized to all one bits). 
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The last two bytes of the Address Identifier 
field are generated using the bytes of the Sector 
Identifier starting with the Sector Identifier 
Address Mark (AM2) and ending with the fourth 
byte of the Address Identifier field. 


Identifier to Data Gap (GAP 3) 

This field begins with the first byte after the 
Sector Identifier EDC bytes and is comprised of 
11 hexadecimal 00 of FF bytes. These bytes may 
become ill-defined due to the overwriting process 
during data field updates. 


Data Block 
The Data Block field is illustrated in Figure 


6-14. 


128 BYTES 2 BYTES 


— (OR AM4) 


DATA MARK 


6 BYTES 00 


Data Mark 

This field is comprised of 6 hexadecimal 00 
bytes and an Address Mark Byte. There are two 
types of Address Marks that can occur in front of 
a data field. The “Data Field Address Mark’’ 
(AM3) is for normal data fields. The ‘Deleted 
Data Field Address Mark’? (AM4) indicates that 
the data field has been deleted. The coding of 
these two Address Marks is illustrated in Figure 
6-12. 


Figure 6-14. Data Block 


Data Field 

Data fields are always 128 bytes long. Any 
write operation that does not write a complete 
data field will result in the rest of the field being 
filled with hexadecimal 00 bytes. The Format 
Write operation causes all the data fields on a 
particular track to be filled with 128 hexadecimal 
00 bytes. 

The last two bytes of the Data Block are EDC 
bytes. These bytes are generated using the bytes 
of the Data Block starting with the Address Mark 
byte (AM3 or AM4) and ending with the 128th 
byte of the Data Field. 


Data Block Gap (GAP 4) 

This field is comprised of 27 hexadecimal 00 or 
FF bytes. The Data Block Gap is recorded after 
each Data Block and precedes the following 
Sector Identifier. After the last Data Block on the 
‘Track this field precedes the Track Gap. 
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Track Gap (GAP 5) 

This field follows the last Data Block Gap on 
the track and will contain hexadecimal 00 or FF 
bytes until the Index is detected. The length of 
this gap is dependent on the speed of the 
particular drive on which the medium is mounted 
when it is formatted or updated (nominally 247 
bytes). 


Defective Track Handling 

Although new diskette media are shipped free 
of defective areas, spots on which records cannot 
be successfully written can develop. If disk errors 
begin to occur, a decision will have to be made 
regarding replacement of individual diskettes. If 
diskettes are physically damaged (torn, folded, 
creased, etc.) or if the recording surface becomes 
contaminated with a foreign material the diskette 
must be replaced. If, however, a bad spot 
develops due fo excessive wear on a particular 
track, then it may be desirable to flag the affected 
area as defective in order to keep the diskette in 
use. 

On formatted diskettes, software accounts for 
defective sectors (or tracks) by allocating space 
on the diskette around the bad area. For example, 
if sector 2 of track 4 on a particular diskette is 
bad, no files will be allocated space in that sector. 


Instructions 

Table 6-12 lists the I/O commands to which 
the MDC/Diskette Device-Pac/diskettes respond. 
A detailed description of each command follows 
this table. 


TABLE 6-12. DISKETTE COMMANDS 


Function 
Code 


Output Address 
Output Range 
Output Configuration Word A 
Output Configuration Word B 
Output Interrupt Control 
Output Task Word 

Output Control Word 

Input Range 

Input Configuration Word A 
Input Configuration Word B 
Input Interrupt Control 

Input Device ID 

Input Task Word 

Input Status Word 


Input 


a . 
Function Code 09 as executed by the CP will result in execu- 
tion of functions 09 and OD. 
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Output Commands 


Command: 
Output Address 


Function Code: 
09 


Format: 


Address Bus 
0 78 17 18 23 


Module Number Channel Number |001 00 1 


Data Bus 
0 15 


Byte Address 


Function: 

This instruction loads a 24 bit address into the 
address register associated with referenced channel 
(device). The address refers to the starting (byte) 
location in main memory where the controller 
will commence input or output data transfers. 
Bits 0-7 of the Address Bus (Module Number) 
are the most significant bits of the address. The 
Data Bus contains the 16 least significant bits. 
Data transfers to or from memory will normally 
be on a word basis but byte mode transfers can 
occur associated with the first and/or last memory 
cycle of a particular data transfer if the main 
memory buffer (identified by this instruction) 
begins or ends on an odd byte boundary. If an 
odd address is delivered by this instruction for 
a data transfer operation in Freeze Address Mode 
(see “Output Control Word’’) all memory read or 
write cycles will be in byte mode. If an even 
address is used in Freeze Address Mode, all 
memory read or write cycles will be in Word 
mode. 


Command: 
Output Range 


Function Code: 
OD 


Format: 


Address Bus 


0 78 1718 23 

Channel Number |001 101 
Data Bus 

0 15 
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Function: 

This instruction loads the Range register asso- 
ciated with the referenced channel. The (16 bit) 
quantity loaded (data bus) is the number of bytes 
to be transferred during the data transfer that is 
being set up. The number is a positive binary 
quantity (bit O must be zero) and is decremented 
by the controller after each memory transfer. A 
range of zero will result in a premature End-of- 
Operation termination for any read or write 
command that may be subsequently issued (see 
Output Task Word). 


Command: 
Output Configuration Word A 


Function Code: 
11 


Format: 


Address Bus 
0 78 1718 23 


Channel Number [010001 


Data Bus 
0 78 15 


Track Address RSU 


Function: 

This instruction loads Configuration Word A 
for the device corresponding to the referenced 
channel. The Track Address (bits 0-7) is used as 
the seek argument during seek operations. The 
complete word is used as the two high order bytes 
of a Sector ID field to be searched for during an 
update Read or Write operation. Bits 8-15 are 
reserved for software use (RSU). IBM formatted 
diskettes will have zeroes in these bits. 


Command: 
Output Configuration Word B 


Function Code: 


13 
Format: 
Address Bus 
0 78 17 18 23 
Channel Number 10100 1 1 
Data Bus 
0 78 15 
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Function: 

This instruction loads Configuration Word B 
for the device corresponding to the referenced 
channel]. This word is used as the low order two 
bytes of a Sector ID field to be searched for 
during an update Read or Write operation. The 
subsystem will treat bits 0 through 7 of Config- 
uration Word B as a sector number. This number 
will be incremented after operating on a data field 
during an update Read or Write operation. Bits 
8-15 are reserved for software use (RSU). IBM 
formatted diskettes will have zeroes in these bits. 


Command: 
Output Interrupt Control 


Function Code: 
03 


Format: 


Address Bus 
0 78 


Not Used 


Data Bus 
0) 9 10 15 


Channel Number Interrupt 
(of CP) Level 


Function: 

This instruction loads, for the referenced 
device, the interrupt level and the channel num- 
ber of the CP to which subsequent interrupts 
should be sent. The level number is a 6 bit 
quantity and is positioned on the data bus as 
ulustrated above. Bits 0-9 of the data bus contain 
the channel number of the CP loading the 
Interrupt Level. If an Interrupt Level of zero is 
loaded, the subsystem will not generate or save 
interrupts for any events that occur while the 
Interrupt Level is zero. The Interrupt Level is set 
to zero whenever the subsystem is initialized. 


17 18 


Channel Number 
(of Diskette) 


23 


OO0O001! 


Command: 
Output Task Word 


Function Code: 
07 
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Format: 
Address Bus 
0 78 17 18 23 
Data Bus 
0 78 15 
[ee | 
wee” 
a hin 
OX X X K K X 0 Recalibrate 
OxXXXKXXXi1 Seek 
10 xX X X Bx 0 Format Read/Write 
{oxXxXxX0|0 1 Data Field Read/Write 
10 XX X1)40 1 Deleted Data Field Read/Write 
[0X X X;yAll | Diagnostic Read/Write 
ft X XK XIX/X X Wraparound Read/Write 


Applicable for Read only 
| - Read ID Fields only 
0 - Read ID and Data Fields 


Applicable for Write only 
1 - Use Deleted Data Field Address Marks 
O - Use Normal Data Field Address Marks 


-X = Assumed zero’s (not checked) 


Function: 

This instruction outputs a Task Word to the 
referenced channel. The coding of bits 0-7, 
illustrated above, represent the operations that 
are to be performed. When this instruction is 
accepted, the channel enters the Busy state and 
execution of the indicated task is immediately 
begun. All address, range and configuration 
information must be loaded prior to execution of 
this instruction. The direction of data transfer is 
indicated on the low order bit of the channel 
number used in the most recent output address 
instruction. 

The individual bits will cause the following to 
occur: 


@ Recalibrate: The Recalibrate command 
causes the channel to move the device’s 
positioner to track zero and reset the 
“Device Fault” line on the device interface 
(via the ‘‘Fault Reset’’ line). This instruction 
is intended as an Initialization command to 
guarantee that the positioner location infor- 
mation in the controller is correct and that 
the device faults are cleared. 
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® Seek: The Seek command in the Task Word 
causes the channel to move the device’s 
positioner to the track indicated in Config- 
uration Word A. If the device indicates that 
it is on track zero when not expected, a 
cylinder number greater than 76 is specified 
in Configuration Word A or the device 
cannot be positioned at track zero during a 
Recalibrate command (as indicated by the 
“Track Zero’”’ line) then the seek Error Bit 
will be set in the Status Word. 

® Format Read: The Format Read command 
causes the channel to read all Identifier (ID) 
fields (for Task Word bit 5=1) or all Identi- 
fier and Data Fields (for Task Word bit 
5=0 — including deleted data fields) on a 
track beginning with the first sector after 
index and in the order in which they are 
recorded. Data will be transferred to 
memory beginning at the memory location 
specified in the subsystem’s memory address 
register. This address will be the address 
loaded by the most recent Output Address 
instruction if no data transfer has occurred 
since that instruction was executed. If one 
or more data transfer operations have been 
executed since the last Output Address 
instruction, then the starting memory 
address used for this operation will be the 
byte address immediately following the end 
of the most recent data transfer executed for 
this device (either read or write). 


Data will be transferred until a read error 
occurs, the range is satisfied, or the entire 
track is read (index is detected). 
Normal range for this command (to read one 
complete track) is 


R =(4+ 128) X 26 = 3432 bytes - 
where; 


e 4=ID 
e 128 = Data 
@ 26 = Sectors 


If this command is terminated due to end of 
track before the range is satisfied, the residual 
range will be available via the Input Range 
command. 

A read error in any field transferred to memory 
will cause the operation to be terminated with the 
Read Error bit set in the Status Word. The Sector 
ID field in Configuration Word B will point to the 
record in error. The field in error can be 
determined through examination of the residual 
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range (if a read error is detected in an ID field the 
range will have been decremented for the ID field 
only). 

If the required transfer rate is not maintained 
on the Bus (15.6 KW/S), the operation will be 
terminated and the Overrun/Underrun bit will be 
set in the Status Word (bit 2). 

If the range register is zero when this command 
is received the Task will be immediately ter- 
minated (End-of-Operation). No data will be read 
or transferred. 


@ Format Write: The Format Write command 
causes the channel to format the track which 
is positioned under the Read/Write head 
when this command is received. Up to 
twenty-six equal length sectors will be writ- 
ten starting at index. The Secor ID fields will 
be read from memory beginning with the 
memory location specified in the subsys- 
tem’s memory address register. 


Data fields will be written with normal data 
field Address Marks and will be zero filled. 


The range to format one complete track is: 
R=4 X 26 = 104 bytes 


If a range less than 104 is sent for a format 
write, the track will be zero-filled (may 
result in fewer than 26 sectors). If the range 
expires after the first word of a sector ID 
field, then the second word of that ID is 
unspecified. If a range greater than 104 is 
specified, a partial sector might be recorded 
(a sector can be started in the Track Gap but 
will not be completed if the Index Pulse is 
detected before the end of the Data Field). 
If the range register is zero when this 
command is received, the Task will be 
immediately terminated (End-of-Operation). 
No data will be written. 


If the Sector ID data cannot be read from 
memory at a sufficient rate, then the opera- 
tion will be terminated and the Overrun/ 
Underrun bit will be set in the Status Word 
(bit 2). 


@ Read Data: The Read Data command causes 
the channel to locate the sector defined by 
the Sector ID image loaded in Configuration 
Words A and B and to transfer the data field 
of (at least) that sector to main memory. 
Data will be transferred to memory begin- 
ning with the memory location specified in 
the subsystem’s memory address register and 
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will continue until the range is satisfied. 
When the transfer of the first specified 
sector data field is completed (without 
error), the Sector Number field of Config- 
uration Word B will be incremented (module 
256). If the initial range is greater than 128 
then the sector represented by the updated 
contents of Configuration Words A and B (A 
is unchanged) will be located and data 
transfer will continue until either the range 
is satisfied, a read error occurs or the record 
specified by Configuration Words A and B 
cannot be located on the track (as indicated 
by the detection of two index marks with- 
out a successful compare). If the specified 
record cannot be located, then an unsuccess- 
ful search will be posted in the Status Word 
(bit 7). 


If a deleted Data Address Mark is encoun- 
tered during a Read Data operation, that 
field will be spaced over and the Read 
continued on the numerically next sector 
(Deleted Field bit set in the Status Word — 
bit 3). 


If a read error is encountered in a data field 
the operation will be set (bit 4). The Sector 
Number field of Configuration Word B will 
contain the address of the record in error. If 
a read error is encountered in an ID field, a 
miscompare result will be assumed and the 
search will continue. The Read Error bit will 
not be posted. 


If this command is terminated before the 
range is satisfied the residual range will be 
available via the Input Range command. If 
the range register is zero when this command 
is received, the Task will be immediately 
terminated (End-of-Operation). No data will 
be read or transferred. 


If the required transfer rate is not main- 
tained on the Bus (15.6 KW/S) then the 
operation will be terminated and the Over- 
run/Underrun bit will be set in the Status 
Word (bit 2). 


Write Data: The Write Data command causes 
the channel to locate the sector defined by 
the Section ID image loaded in Configura- 
tion Words A and B and to rewrite the data 
field of at least that sector. The data will be 
read from memory beginning with the 
memory location specified in the subsys- 
tem’s memory address register. Rewritten 
data fields will be preceded by normal data 
field address marks (see Figure 6-12). 
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When the transfer of the specified sector is 
completed, the Sector Number field of 
Configuration Word B will be incremented. 
If the range is less than 128 the data field 
will be zero-filled. If the range is greater than 
128, the sector represented by the update 
contents of Configuration Words A and B(A 
is unchanged) will be located and the data 
field rewritten (preceded by a normal data 
field Address Mark). This operation will 
continue until either the range is satisfied or 
the record specified by Configuration Words 
A and B cannot be located on the track (as 
indicated by the detection of two index 
marks without a successful ID field com- 
pare). If the latter event occurs, Unsuccess- 
ful Search will be posted in the Status Word 
(bit 7). 


If two or more records that are to be 
updated with a single Write Data command 
are physically adjacent, they will be written 
consecutively without loss of a revolution. 


If a read error is encountered in an ID field, 
a miscompare result will be assumed and the 
search will continue. In this case the Read 
Error bit will not be posted. 


If this command is terminated before the 
range is satisfied the residual range will be 
available via the Input Range command. If 
the range register is zero when this command 
is received the Task will be immediately 
terminated (End-of-Operation). No data will 
be written. 


If the required transfer rate is not main- 
tained on the Bus (15.6 KW/S) the operation 
will be terminated and the Overrun/ 
Underrun bit will be set in the Status Word 
(bit 2). 

Deleted Data Read/Write: The Deleted Data 
encoding of the Task Word (1XXXX101) 
when received on a write channel (low order 
bit of the channel number equals 1) causes 
the channel to perform as if the Write Data 
command was specified except that each 
data field updated will be preceded by a 
Deleted Data Field Address Mark. Note that 
the data written in the deleted data fields 
will be read from memory. 


If this Task Word encoding is received on a 
read channel the channel will perform as if 
the Read Data command was specified 
except that only data fields that are pre- 
ceded by Deleted Data Field Address Marks 
will be read. 
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@ Write Diagnostic: 


The Write Diagnostic 
command causes the channel to perform as 
if the Write Data command was specified 
except that invalid EDC characters will be 
written at the end of each data field updated 
(the EDC characters will always be zero). 


Note that the data written in the data fields 
will be read from memory and the Address 
Marks will be as specified by bit 5 of the 
Task Word. 

Read Diagnostic: The Read Diagnostic 
command causes the channel to read every- 
thing on a track (including gaps, address 
marks, ID and data fields and EDC bytes) 
beginning with (and including) the address 
mark preceding the first sector Identifier on 
the track and ending at index pulse. Mean- 
ingful operation of this command can only 
be guaranteed on tracks which have not been 
updated since the last format operation. No 
EDC checks will be done. Data will be 
transferred until the range is satisfied or the 
entire track is read (index is detected). 
Normal range for this command (to read one 
complete track) is 


R=(7+ 174131 + 33) X 26+ 247 = 


5135 bytes 
7 = Sector ID and Address Mark 
17 = Gap 
131 = Data Field plus Address Mark 
33 = Gap 
26 = Sectors 
247 = Track Gap 


If this command is terminated due to end of 
track before the range is satisfied, the 
residual range will be available via the Input 
Range command. 


If the required transfer rate is not main- 
tained on the Bus (15.6 KW/S), the opera- 
tion will be terminated and the Overrun/ 
Underrun bit will be set in the Status Word 
(bit 2). 


specified in the subsystem’s memory address 
register, shift the byte through the diskette 
adapter write logic with an address mark 
clock bit pattern inserted, and save the 
resulting bit pattern (16 bits) in the adapter 
for use during a subsequent Wraparound 
Read command. The saved bit pattern will 
be recognizable as an address mark by the 
adapter read recovery and address mark 
detection logic. The byte supplied by soft- 
ware for the Wraparound Write command 
must have one bit in the two high order bit 
positions. 


When a Wraparound Read command is 
received (immediately following a Wrap- 
around Write) the saved bit pattern from the 
preceding Wraparound Write command will 
be shifted into the adapter read recovery and 
address mark detection logic as if it were a 
bit pattern from the medium. If no errors 
occur, an address mark will be detected and 
the byte of data (with clock bits removed) 
will be returned to main memory at the 
address specified in the subsystem’s memory 
address register. The byte returned during 
this operation should be the same as the 
byte supplied by software in the preceding 
Wraparound Write command. 


If, during the Wraparound Read operation, 
an address mark is not detected by the 
adapter, the operation will not be termi- 
nated. In this case, the adapter will con- 
tinually shift zeros into the read recovery 
logic until stopped with a Stop I/O com- 
mand or an Initialize (Output Control Word 
or Master Clear). 


A range of one should always be used for 
these commands. If a zero range is specified 
the command will be immediately termi- 
nated (without being executed). Ranges 
greater than one for these commands result 
in different subsystem responses depending 
on the starting address and data transfer 
direction and should, therefore, not be used. 


Command: 


Output Control Word 

@ Wraparound Read/Write: During a Wrap- 
around Write command, the channel will Function Code: 
read one byte from memory (at the address 01 
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Format: 
Address Bus 
0) 78 17 18 23 
Not Used Channel Number 1000001 


01234 15 


LETT Not Used 


10 0 O—Jnitialize 

0! 0 0—Stop I/O 

00 | O—Test Mode 
000 |—Freeze Address 


Function: 

This instruction loads a Control Word into the 
referenced channel. This command will be 
unconditionally accepted by the channel regard- 
less of its Busy status. The individual bits will 
cause the following specific actions to occur: 


@ Initialize: This command will cause the MDC 
to reset to the same state that it enters after 
power up. When an initialize command is 
received by the MDC all of its channels are 
initialized (regardless of which channel the 
command was received over). A Recalibrate 
command is issued for each diskette during 
execution of this instruction so that the 
MDC will be in a state capable of proper 
control of diskette devices. Any operations 
that are in progress in the MDC at the time 
of the Initialization will be abruptly termi- 
nated and all registers will be initialized. No 
information about the terminated operations 
will be retained and no interrupts for the 
Operations will be generated. The interrupt 
level for all channels will be set to zero 
(interrupts blocked). 

@ Stop I/O: This command causes any opera- 
tion currently active on the specified 
channel to be abruptly terminated. If a data 
transfer operation is in progress it will not be 
completed nor will any error checking be 
done. If a diskette positioner is in motion 
when this command is received, positioner 
orientation information will be lost. An 
interrupt will be generated for the Operation 
terminated by this command as if the 
operation had come to a normal ending 
point. Status, Address and Range informa- 
tion, present in the MDC when this com- 
mand is received, will be retained. 

e Test Mode: Refer to paragraph entitled 
“Test Mode.” 
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@ Freeze Address: When this bit is set, all 
DMA data transfers on this channel will 
come from or go to the same memory 
location. The address in the channel’s 
memory address register will not be incre- 
mented. Note that if an odd address is 
specified in freeze address mode all memory 
read or write cycles will be in byte mode. 
This effectively doubles the transfer rate of a 
diskette to 31.2 KB/S. If an even address is 
specified, all memory read or write cycles 
will be in word mode. 


Once set, this bit will remain set until 
another Output Control Word is received or 
the MDC is Initialized (Master Clear or 
Initialize command on any MDC channel). 


Input Commands 


Command: 
Input Range 


Function Code: 


OC 
Format: 
Address Bus 
0 78 1718 23 
Channel Number 
Instruction 
Cycle Data Bus 
0 910 15 
Channel Number 
(CP) 
Address Bus 
0 78 1718 23 
Channel Number 
Response 
Cycle Data Bus 
0 15 
Range Register 
Function: 


This instruction causes the contents of the 
referenced channel’s Range register to be trans- 
ferred to the requesting channel. 

During the Response cycle (Second Half Read) 
the MDC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the Instruction cycle. 
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Command: 
Input Configuration A 


Function Code: 


10 
Format: 
Address Bus 
0 78 1718 23 
Channel Number Pre 
Instruction tin 
010010 “B 
Cycle Data Bus 
0 910 15 
Channel Number 
(CP) 
Address Bus 
0 78 1718 23 
Channel Number 
Response 
Cycle Data Bus 
@) 15 
Configuration Word A (B) 
Function: 


This instruction causes the channel’s Configura- 
tion Word A (B) to be transferred to the 
requesting channel. 

During the Response cycle (Second Half Read) 
the MDC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the Instruction cycle. 


Command: 
Input Configuration Word B 


Function Code: 
12 


Format: 
See “Input Configuration Word A” 


Function: 
See “Input Configuration Word A” 
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Command: 


Input Interrupt Control 


Function Code: 


02 
Format: 
Address Bus 
0 78 1718 23 
Channel Number 
Instruction 
Cycle Data Bus 
0 910 15 
Channel Number 
(CP) 
Address Bus 
0 78 1718 23 
Channel Number 
Response . 
Cycle Data Bus 
0 9 10 15 
Channel Number (CP 
which last loaded Level 
this register) 
Function: 


This instruction causes the channel’s Interrupt 
Level to be transferred to the requesting channel. 
The level value will be placed on Data Bus bits 10 
through 15 (see above) with bit 15 as the least 
significant bit. This quantity is the value pre- 
viously received in an Output Interrupt Control 
Instruction, or, a default value of 00. The default 
value is the Interrupt Level assumed by the 
channel when initialized. Note that the channel 
number returned in bits 0-9 of the Data Bus 
might be different than the channel number of 
the CP executing this instruction if more than one 
CP is attached to the Bus. 

During the Response cycle (Second Half Read) 
the MDC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the Instruction cycle. 


Command: 
Input Device ID 


Function Code: 
26 
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Format: 


Address Bus 
8 1718 


0 7 2 
Channel Number 
Not Used (Diskette) 100110 
Instruction 


Cycle Data Bus 
910 15 


0 
Channel Number 
(CP) 


Address Bus 


WwW 


1718 


0 78 23 
| Channel Number 


Response 
Data Bus 


Cycle 
15 


@) 
| Identification Code | 
Function: 


This instruction will cause the referenced 
channel to transfer its identification code to the 
requesting channel. The code for this type of 
Diskette is 2010 (Hex). 

During the Response cycle (Second Half Read) 
the MDC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the Instruction cycle. 


Command: 
Input Task Word 
Function Code:. 
06 
Format: 
Address Bus 
0 78 17 18 23 
Channel Number 
| Not Used (Diskette) OO0O0!110 
Instruction 
Cycle Data Bus 
0 910 15 
Channel Number 
(CP) 
Address Bus 
0 78 1718 23 
Channel Number 
Not eset 
Response 


Cycle Data Bus 


0 15 
| Task Word | 
Function: 


This instruction causes the Task Word of the 
referenced channel to be transferred to the 


PERIPHERAL DEVICES 


requesting channel. The Task Word transferred 
will contain the code for the last Operation 
executed by the channel (unless an Initialize has 
occurred), 

During the Response cycle (Second Half Read) 
the MDC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the Instruction cycle. 


Command: 
Input Status Word 


Function Code: 
18 


Format: 
Address Bus 


0 78 1718 23 
Channel Number 
Diskette) Pt ED 08 
Instruction 


Cycle Data Bus 
) 910 15 


Channel Number 
(CP) 


Address Bus 
0 7 8 1718 23 


Not Used Channel Number 
(CP) 
Response 
Cycle Data Bus 


012345678910 11 12131415 
Device Ready. 


Attention 


Overrun/Underrun 
Deleted Field 

Read Error 

Device Fault 

Missed Data Sync. 
Unsuccessful Search 

Not Used 

Not Used 

10 Seek Error 

11 Not Used 

12. Corrected Memory Error 
13. Non-Existent Resource 
14 Bus Parity Error 

15 Uncorrected Memory Error. 
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Function: 

This instruction causes the referenced channel’s 
Status Word 1 to be transferred to the requesting 
channel. 

During the Response cycle (Second Half Read) 
the MDC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the Instruction cycle. See 
also Table 6-13. 
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Status Condition 


Device Ready 


Attention 


Overrun/Underrun 


Deleted Field 


Read Error 


Device Fault 


‘Initialize encoding only. 
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TABLE 6-13. STATUS BIT DEFINITIONS — DISKETTE 


This bit indicates that the device is on line with | A change in condition. 
the medium loaded and that no further manual 
intervention is required to place it under pro- 
gram control. Note that a change of state of 
this bit will cause the Attention bit (bit 1) to 
be set resulting in an interrupt (if the interrupt 
level is non-zero). 


Output Control Word,’ 
Input Status Word, 
Output Task Word, or 
Master Clear on the bus 


This indicator will be set whenever the Device 
Ready bit (bit 0 of the status word) changes 
state. Any change of operational status of the 
device (e.g., load/unload of media) will be 
indicated to software in this way. 

Whenever the Attention bit is set an interrupt 
is attempted (if the interrupt level is non-zero). 
If a previously initiated operation is in progress 
when a device state change is sensed the resul- 
tant interrupt (with the Attention bit set) will 
serve as notification of both the end of the 
operation and the device state change. 


Output Control Word,’ 


Output Task Word, or 
Master Clear on the bus 


This bit is set during a Read or Write operation 
when the data transfer to/from main memory 
cannot be maintained at a high enough rate 
(15.6 KW/s during field transfers in word 
mode). Either data was lost on input because 
of failure to keep up with device demands or 
data was unavailable on output when required 
by the device. 


This bit will be set if a Deleted Data Field 
Address Mark is encountered during a Format 
Read command or if a data field which would 
normally by read during a Read Data com- 
mand is skipped because of a Deleted Data 
Field Address Mark. This bit will also be set 
if the Deleted Data Field encoding of the Task 
Word (1 XXXX101) is received on a Read 
channel and a normal data field is skipped 
during the resulting read operation. Posting of 
this indication does not cause the operation 
in progress to be terminated. 


Same as preceding bit. 


This bit is set during any Read operation if the Same as preceding bit. 
EDC Word at the end of a field disagrees with 
the EDC Word calculated while reading the 


field. 


This bit will be set whenever a Fault indication 
is received from the device. 
on the bus 
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Recalibrate, Output Control 
Word,’ or a Master Clear 


AS22 


Status Condition 


Definition 


Reset By 


Missed Data Sync 


Unsuccessful Search 7 
Seek Error 10 
Corrected Memory Error 12 
Non-Existent Resource 13 
Bus Parity Error 14 
Uncorrected Memory 15 


Error 


"Initialize encoding only. 


Specifications 


Output Control Word,' 
Output Task Word, or 
a Master Clear on the bus. 


This bit will be set if, after a Sector ID has been 
detected during a Read operation, the corres- 
ponding data field is not detected or if during 
a Format Read two consecutive Data field (or 
two consecutive ID field) address marks are 
detected (indicating that a field was missed). 


This bit is set during a non-format Read or Write | Same as preceding bit. 
operation for which the Sector ID specified in 
Configuration Words A and B cannot be 


located on the Track. 


Output Control Word,! 
Recalibrate, or Master 
Clear on the bus. 


This bit is set during a Seek operation if the 
device indicates that it is on track zero when 
not expected, if a cylinder number greater 
than 76 is specified in Configuration Word A 
or if the device cannot be positioned at 
track zero (as indicated by the ‘Track Zero’ 
line) during a Recalibrate command. 


Output Control Word,! 
Output Task Word or 
Master Clear on the bus. 


This bit indicates that during execution of the 
previous operation Main Memory detected 
and corrected a memory read error. The data 
that was delivered to the MDC was assumed 
to be correct. 


This bit is set whenever the MDC attempts a 
Write or Read request Bus cycle and receives 
a NAK response. 


This bit is set whenever the MDC detects a 
parity error on either byte of the Data Bus 
during any Output bus cycle (i.e., odd func- 
tion code), during a second half memory read 
cycle or when a parity error is detected in 
bits O—7 of the Address Bus during an Output 
Address command. 


Same as preceding bit. 


Same as preceding bit. 


This bit indicates that during execution of the 
previous operation Main Memory detected a 
read error which the EDAC algorithm could 
not correct. The data that was delivered to the 
MDC was incorrect. Occurrence of this condi- 
tion will not cause termination of the opera- 
tion in progress (may result in bad data 
written on the medium). 


Same as preceding bit. 


@ Seek Time: 20 milliseconds minimum (track 
to track includes head settling time); 260 ms 
average; 770 ms maximum. 

@ Latency Time: 83.33 ms average rotational 
latency 

@ Transfer Rate: 249,984  bits/second 
(Device-Pac to diskette; 31,248 bytes/second 
or 16,124 words/second 
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@ Data Capacity: 256,256 bytes/disk (for- 
matted-77 tracks); 3,328 data bytes/track 
(formatted) 

@ Diskette Speed: 360 rpm 

@ Tracks Per Disk Surface: 77 

@ Recording Density: 3200 bpi 

® Device Interface: A Diskette Device-Pac 
(DIM9101) is required for each DIU9102 or 
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for up to two DIU9101s. 

@ Medium: Honeywell Type M4101 (or equiv- 
alent) 

@ Physical Dimensions: 10.47 in. (26.59 cm) 
high; 17.5 in. (44.45 cm) wide; 22 in. (55.88 
cm) deep. 


CARTRIDGE DISK UNITS 


The Cartridge Disk Units provide low-cost data 
storage for 6/30 Model users with medium-sized 
file requirements (Figure 6-15). Storage capacities 
of 2.5 to 10.0 (12 sectors/track) or 2.8 to 11.2 
(24 sectors/track) million bytes are available for a 
single device, with up to four devices capable of 
being connected to one controller. 

The units are rack-mountable and they pull out 
from the front to provide easy access for top- 
loading the removable cartridge. Both a remov- 
able and a fixed disk can be mounted on the same 
spindle, thus providing a file copying capability 
with a single device. File protect switches control 
each disk separately. 

The Cartridge Disk Units are available in 
models with either a removable cartridge only, or 
with both a removable and a fixed disk. These are 


further divided into low density units with data 
recorded at 100 tracks per inch (tpi) and high 
density units recorded at 200 tpi. There are thus 
four different units available with data capacities 
as follows: 


e CDU9101 Cartridge Disk Drive, low density, 
removable disk only — 2.5/2.8 million bytes 

® CDU9102 Cartridge Disk Drive, low density, 
fixed and removable disks — 5.0/5.6 million 
bytes 

e CDU9103 Cartridge Disk Drive, high 
density, removable disk only— 5.0/5.6 
million bytes 

@e CDU9104 = Cartridge 
density, fixed and 
10.0/11.2 million bytes. 


Disk Drive, high 
removable disks — 


The Cartridge Disk Units interface with the 
Level 6 processor by means of a Mass Storage 
Controller (MSC9101) and a Cartridge Disk 
Device-Pac (CDM9101). The MSC9101 can 
connect and control up to four CDU9101/9102 
low density units or up to four CDU9103/9104 
high density units. 


Figure 6-15. CDU9101 /9102/9103/9104 Cartridge 
Disk Units 
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Features 


Combines transportability of magnetic tape 
with random access features of disk 

Ideal for applications requiring fast access to 
a medium-sized data base; average random 
access to 10 million bytes is less than 50 
milliseconds 

Maximum total data storage capacity of 
40.1/45.1 million bytes; Direct Memory 
Access transfers data at 156K words/second 
200 tpi recording allows 408 cylinders per 
spindle, each with a capacity of 12 or 24K 
bytes accessible with no head movement 

Up to four disk units per control; choice of 
all high or all low density disk drives 

Record length can be varied to suit customer 
application; all records include check words 
for data integrity 

Each track can have a maximum of 12 or 24 
individually addressable records; software 
interlace of record addresses minimizes rota- 
tional latency time 

Single removable cartridge disk or removable 
and fixed cartridge disk units; disk-to-disk 
copying capability on the same unit. 


TOP VIEW 


TRACKS DIVIDED INTO 12/24 
SECTORS, EACH SECTOR 
INDIVIDUALLY ADDRESSABLE 


1) 
woe oF 


TRACK 0 
2042 TRACKS (LOW-DENSITY UNIT, 
100 TRACKS PER INCH) OR 
408 TRACKS (HIGH-DENSITY UNIT, 
200 TRACKS PER INCH) 


@aNOTE: EVEN TRACK ADDRESSES ONLY 
(0, 2,4... 406) ON LOW DENSITY UNIT. 


VOLUME 0 
(REMOVABLE) 


VOLUME 1 
(FIXED) 


Operation 

Depending upon the format selected, each 
track consists of 12/24 fixed length sectors that 
are clocked by fixed slots inscribed into the 
circumference of a disk. Records start at the 
beginning of a sector, with a maximum of 12/24 
records of up to 576/256 bytes each per track. 
Larger records can be written linking two or more 
sectors. The maximum record length is 6912 
(12x576)/6144 (24x256) bytes, linking all 12/24 
sectors on one track. See Figure 6-16). 


To seek a particular cylinder and disk, a word 
containing the record location must be output to 
the controller. A second setup word is also output 
that contains the track and header (sector 
number) of the record to be written or read. 

Each record consists of two parts: 


Header — One 32-bit record identifier 
Data — From 256 or 576 byte sectors 


Each part is followed by a check word that is 


automatically validated on read operations. 
There are four modes of reading or writing: 


SIDE VIEW 


HEAD NUMBER 


HEADS POSITIONED 
IN PARALLEL TO 
SAME TRACK ON 
ALL FOUR SURFACES 
(ONE CYLINDER) 


MOVEMENT 


SPINDLE 
2400 RPM 


Figure 6-16. Physical Organization of Cartridge Disk 
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write format 

write record 

read record 

read track (headers or headers and data) 


All reads and writes are under control of Direct 
Memory Access (DMA), with the address and 
range registers in the controller describing the 
area in memory that is being written from or read 
into. 

The first operation that must be performed is a 
write format operation which writes 12 or 24 
headers, one per sector, on a track, and zero fills 
the data fields. A write record then writes a single 
record which may consist of multiple sectors after 
matching on the proper header. Writing is termin- 
ated either by DMA end-or-range or by reading 
the end-of-track. A read operation again matches 
on a header and reads data until an end-of-range is 
reached. A read-track operation reads the header 
words and data starting with Sector O in suc- 
cession until an end-of-track or end-of-range is 
reached. 


Data Format 

Each track on the disk contains 12 or 24 equal 
length sectors of 256 or 576 bytes, respectively. 
There are 204 or 408 cylinders per surface and 2 
or 4 tracks per cylinder depending on options. 
The total formatted capacity varies from 
2,506,752 to 11,280,384 bytes, again dependent 
on the device and format options used. 


SECTOR 
MARK 
POST 
GAP 1 sw1 AMPLE GAP 2 


| 18 BYTES 2BYTES | 4BYTES | 2BYTES | 2BYTES 


NOT | PLATTER 
USED | SELECT 


BYTE 1 Ee 


SECTOR 1* THRU M(M=120R 24) ——— 


18 BYTES 


The data encoding scheme is double frequency 
recording and each field is preceded by a sync 
word and followed by an error detection code 
(EDC) word and postamble. The header fields are 
software programmable and do not have to be 
numerically sequential. Note that the fourth byte 
of the header fields will be treated by the 
controller as a sector number. 

When a track is formatted, 12 or 24 sectors are 
written beginning at the sector following the 
index mark. The sector headers are specified by 
software and are extracted from memory during 
the format operation. Data field will be zero filled 
during formatting. 


Track Format 
The disk track format is shown in Figure 6-17. 


Sector Gap (GAP 1) 
The field begins at the leading edge of a Sector 
Pulse and is comprised of 18 bytes of zeros. 


Identifier Sync Word (SWI) 
This two byte field leading the identifier field 
consists of the hex characters FAAA. 


Sector Identifier 

This is a four byte field which is formatted as 
shown in Figure 6-17.Platter select (bit 4 of byte 
1) represents the platter (fixed or removable). 
The Cylinder Number is a 9 bit binary number 
(right justified in bytes 1 and 2) which represents 


SECTOR 
MARK 
POST 
Sw2 AMBLE GAP 3 
DDD 

2ByYTES | | 256 BYTES ) | > ByTES | 2BYTES NOMINAL 

OR 17 OR 23 

576 BYTES BYTES 


*SECTOR 1 SPECIFIED BY PRECEDING INDEX MARK 


wee oe eg 


BYTE 4 


Figure 6-17. Disk Track Format 
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the logical cylinder number from 000, for the 
outermost track, to 203 or 407 for the innermost 
track. THe track number (bit 7 of byte 3) 
represents the upper or lower surface of the 
selected platter. The Sector Number is a binary 
number (right justified in byte 4) which repre- 
sents the sector address. 


Error Detection Code (EDC) 

The two EDC bytes are hardware generated by 
use of a half add algorithm in a 16 bit register. 
Data and ID bytes exclusively (no sync words, 
postamble, or gap bytes) are used for EDC 
generation. 

This polynomial is used for both Sector ID 
fields and Data fields. 


Postamble 
This two byte field follows the EDC bytes and 
consists of two bytes of all ones. 


Identifier to Data Gap (GAP 2) 

This field begins with the first byte after the 
Sector ID Postamble bytes and consists of 18 
bytes of zeros. Write transitions may occur in this 
field as a result of an update write operation. 


Data Field Syne Word (SW2) 
This two byte field leading the data field 
consists of the hex characters FDDD. 


Data Field 

Data fields are always 256 or 576 bytes long. 
Any write operation that does not write a 
complete data field will result in the rest of the 
field being zero filled. The Format Write opera- 
tion causes all the data fields on a particular track 
to be zero filled. 


Data Field to Sector Mark Gap (GAP 3) 

This field begins with the first byte after the 
Data postamble bytes and consists of zeros to the 
next sector mark. The length of this gap is 
dependent on the speed of the particular drive on 
which the medium is mounted when it is for- 
matted or updated (nominally 17 bytes for a 256 
byte data field or 23 bytes for a 576 byte data 
field). 


Defective Track Handling 

New disk media may be shipped with a 
minimal number of defective areas. These defec- 
tive areas in conjunction with areas which may 
become defective during the life of the medium, 
are accounted for by software via a Volume Index 
of Defective Sectors. When a particular sector (or 
track) is deemed defective, allocation of space on 


PERIPHERAL DEVICES 


the disk will be made around the bad sector or 
track. 

The controller provides no specific support for 
the identification or skipping of defective sectors 
or tracks. 


Instructions 

Table 6-14 lists the I/O commands to which 
the MSC/Cartridge Disk Device-Pac/disk units 
respond. A detailed description of each command 
follows this table. 


TABLE 6-14. CARTRIDGE DISK COMMANDS 


Function 
Code Command 


09 4 Output Address 

OD Output Range 

OF Offset Range 

| Output Configuration Word A 
13 Output Configuration Word B 
03 Output Interrupt Control 

07 Output Task Word 

Ol Output Control Word 

OC Input Range 

OE Input Offset Range 

10 Input Configuration Word A 
12 Input Configuration Word B 
02 Input Interrupt Control 

26 Input Device ID 

06 Input Task Word 

18 Input Status Word 


Type 
Output 


Input 


* Function Code 09 as executed by the CP will result in 
execution of functions 09 and OD. 


Output Commands 


Command: 
Output Address 
Function Code: 
09 
Format: 
Address Bus 
0 78 1718 23 
Noone Channel Number [001001 
Data Bus, 
9) 15 
Byte Address 
Function: 


This instruction loads a 24 bit address into the 
address register associated with the referenced 
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channel (device). The address refers to the start- 
ing (byte) location in main memory where the 
MSC will commence input or output data trans- 
fers. Bits O-7 of the Address Bus (Module 
Number) are the most significant bits of the 
Address. The Data Bus contains the 16 least 
significant bits. Data transfers to or from memory 
will normally be on a word basis but byte mode 
transfers can occur associated with the first 
and/or last memory cycle of a particular data 
transfer if the main memory buffer (identified by 
this instruction) begins or ends on an odd byte 
boundary. 


Command: 
Output Range 


Function Code: 


OD 
Format: 
Address Bus 
0 78 1718 23 
Channel Number |O0 1101 
Data Bus 

0 15 

Function: 


This instruction loads the Range register associ- 
ated with the referenced channel. The (16 bit) 
quantity loaded (data bus) is the number of bytes 
to be transferred during the data transfer that is 
being set up. The number is a positive binary 
quantity (bit 0 must be zero) and is decremented 
by the MSC after each memory transfer. A range 
of zero will result in a premature End-of- 
Operation termination for any read or write 
command that may be subsequently issued (see 
Output Task Word). Any Range register residue 
will be applied to the next command unless reset 
by another Output Range Instruction. 


Command: 
Output Offset Range 


Function Code: 


OF 
Format: 
Address Bus 
0 7 8 1718 23 
Channel Number ooltlltl 
Data Bus 
0 15 


Offset Range 
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Function: 

This instruction loads the Output Offset Range 
Register associated with the referenced channel. 
The (16 bit) quantity loaded (data bus) is the 
number of bytes to be discarded from the 
beginning of the data transfer prior to the transfer 
of any data to main memory. The output range is 
decremented only after the offset range register is 
decremented to zero. The output offset range is 
used only in conjunction with read operations 
(offset range ignored for write operations) and 
must be set for each data transfer using an offset. 
The offset is a positive binary quantity and is 
decremented by the MSC after each byte read 
from the disk. Any Offset Range Register residue 
will be applied to the next command unless reset 
by another Output Offset Range Instruction. 


Command: 
Output Configuration Word A 


Function Code: 


11 
Format: 
Address Bus 
0 78 1718 23 
Channel Number 
Data Bus 
0 3 4 5 67 15 
RSU Platter RSU Cylinder 
Select Address 
Function: 


This instruction loads Configuration Word A 
for the device corresponding to the referenced 
channel. The cylinder Address (bits 7-15) and 
Platter Select (bit 4) are used as the seek 
argument during seek operations. The complete 
word is used as the two high order bytes of a 
Sector ID field to be searched for during an 
update Read or Write operation. Bits 0-3 and bits 
5-6 are reserved for software use (RSU). The 
maximum cylinder address permissible is 203 or 
407 dependent on the device type. Bit 4 provides 
the platter selection address for any read or write 
operations. The platter selection is as follows: 


Removable media 
Fixed media 


Note that for a 200 tpi drive, selection of the 
fixed media when on the removable, or vice versa, 
will cause a 7 msec Seek to occur. 
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Command: 
Output Configuration Word B 


Function Code: 
13 


Format: 


Address Bus 
0 78 1718 23 


| Not Used Channel Number |0!1001 | 


Data Bus 
0 6 7 8 15 


RSU | Track Number 


This instruction loads Configuration Word B 
for the device corresponding to the referenced 
channel. This word is used as the low order two 
bytes of a Sector ID field to be searched for 
during a data field Read or Write operation. Bit 7 
provides the track address for any read or write 
operations. The track address is as follows: 


Bit 7 
O | Upper surface 
1 Lower surface 


The subsystem will treat bits 8 through 15 of 
Configuration Word B as a sector number. This 
number will be incremented after operating on a 
data field during a data field Read or Write 
operation. Bits 0-6 are reserved for software use 
(RSU). 


Command: 
Output Interrupt Control 


Function Code: 


03 
Format: 

Address Bus 

0 78 1718 23 

Not Used cuanne Numb eget || 
of Device 
Data Bus 
0 910 15 


Channel Number Interrupt 
(CP) Level 
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This instruction loads, for the referenced 
device, the interrupt level and the channel 
number of the CP to which subsequent interrupts 
should be sent. The level number is a 6 bit 
quantity and is positioned on the data bus as 
illustrated above. Bits 0-9 of the data bus contain 
the channel number of the CP loading the 
interrupt level. If an interrupt level of zero is 
loaded, the subsystem will not generate or save 
interrupts for any events that occur while the 
interrupt level is zero. The interrupt level is set to 
zero whenever the subsystem is initialized. 


Command: 
Output Task Word 


Function Code: 
07 


Format: 
Address Bus 


0 78 1718 23 


Channel Number {0001 1 1 


Data Bus 
@) 78 15 


Command Code RFU 
ti amet 


0 Recalibrate 
0000000 | — — Seek 

I Format Read/Write 

| -~ Data Field Read/Write 

1 -— Diagnostic Read/Write 

| - Wrap Around Read/Write 
I -- Format Read ID 


Y=0 Fixed sector length = 
{ 256 bytes 


1 l Fixed sector length = 
576 bytes 


This instruction outputs a Task Word to the 
referenced channel. The coding bits 0-7, illustra- 
ted above, represent the operations that are to be 
performed. When this instruction is accepted, the 
channel enters the Busy state and execution of 
the indicated task is immediately begun. All 
address, range and configuration information 
must be loaded prior to execution of this instruc- 
tion. The direction of data transfer is indicated in 
the low order bit of the most recent output 
address instruction. For example, if the Data 
Field encoding of the Task Word is received when 
a “Read” channel number is indicated, then a 
Read Data command will be executed. Note that 
track selection (which includes the platter and 
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surface) is performed for each media data transfer 
command prior to initiation of the data transfer 
and is based on the current contents of configura- 
tion words A and B. 


@ Recalibrate— The Recalibrate command 
causes the channel to move the device’s 
positioner to cylinder zero and reset the 
“Seek Timeout’ line on the device interface. 
This instruction is intended as an Initializa- 
tion command to guarantee that the pos- 
itioner location information in the controller 
is correct and that the device faults are 
cleared. Completion of the recalibration 
operation by the device will result in the 
generation of an appropriate interrupt. 


@ Seek — The Seek command in the Task 
Word causes the channel to move the 
device’s positioner to the cylinder and 
selects the platter indicated in Configuration 
Word A. If the cylinder specified is greater 
than 203 or 407 (depending on device) or an 
error occurs during positioner movement, 
then an error bit will be set in the Status 
Word. Completion of a positioning operation 
(whether or not any physical movement 
occurred) by the device will result in the 
generation of an appropriate interrupt. 


@ Format Read — The Format Read command 
causes the channel to read all Identifier (ID) 
and data fields on a track beginning with the 
first sector after index and in the order in 
which they are recorded. Data will be 
transferred to memory beginning at the 
memory location specified in the subsystems 
memory address register (after any offset has 
been exhausted). This address will be the 
address loaded by the most recent Output 
Address instruction if no data transfer has 
occurred since that instruction was execu- 
ted. If one or more data transfer operations 
has been executed since the last Output 
Address instruction, then the _ starting 
memory address used for this operation will 
be the byte address immediately following 
the end of the most recent data transfer 
executed for this device (either Read or 
Write). 


If Bit 6 of the command code is a one, then 
the EDC word of any Sector Identifier read 
will be ignored. If bit 6 of the command 
code is a zero, then the EDC word of any 
Sector Identifier read will be checked. 
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Data will be transferred until a read error 
occurs (except as noted for bit 6), the range 
is satisfied, or the entire track is read (index 
is detected). 


Normal range for this command (to read one 
complete track) is: 
@® R= (4+ 256) x 24= 6240 bytes (for 256 
byte sectors) 
or 


@® R= (4 + 576) x 12 = 6960 bytes (for 576 
byte sectors) 


where: 


4=ID 
256/576 = Data 
24/12 = Sectors 


If this command is terminated due to end of 
track before the range is satisifed, the 
residual range will be available via the Input 
Range command (see Input Range). A read 
error in any field (except as previously noted 
for bit 6 of the command code = 1) will 
cause the operation to be terminated with 
the Read Error bit set in the Status Word 
(bit 4). The Sector ID field in Configuration 
Word B will point to the record in error. The 
field in error can be determined through 
examination of the residual range (if a read 
error is detected in an ID field the range will 
have been decremented for the ID field 
only). 


If the required transfer rate is not main- 
tained on the Bus (156.25 KW/S), the 
operation will be terminated and _ the 
Overrun/Underrun bit will be set in the 
Status Word (bit 2). 


If the range register is zero when this 
command is received, the Task will be 
immediately terminated (End-of-Operation). 
No data will be read or transferred. Track 
selection for the operation is based on the 
current contents of the Track Address of 
Configuration Words A and B. 

Format Read ID— The Format Read ID 
command is identical to the Format Read 
command except that only the ID’s of each 
sector are transferred to memory. 


Normal range for this command (to read one 
complete track) is: 


@R = 4 x 24 = 96 bytes (for 256 byte 
sectors) 
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or 


@R = 4 x 12 = 48 bytes (for 576 byte 


sectors) 


where 


4 = number bytes in ID 
24/12 = number of sectors per track. 


Format Write — The Format Write command 
causes the channel to format the track which 
is positioned under the Read/Write head 
specified by Configuration Words A and B 
when this command is received. Twelve or 
twenty-four (as specified by bit 3 of the task 
word) equal length sectors will be written 
starting at index. The Sector ID fields will be 
read from memory beginning with the 
memory location specified in the sub- 
system’s memory address register. 


Data fields will be written with normal data 
field Address Marks and will be zero filled 
by the MSC. 


The range to format one complete track is: 


eR = 4x 24 = 96 bytes (for 256 byte 
sectors) 


or 


eR = 4x 12 = 48 bytes (for 576 byte 
sectors) 


If a range other than that specified is sent 
for a format write, the resulting track format 
is unspecified. 


If the range register is zero when this 
command is received, the Task will be 
immediately terminated (End-of-Operation). 
No data will be written. 


If the Sector ID data cannot be read from 
memory at a sufficient rate, then the opera- 
tion will be terminated and the Overrun/ 
Underrun bit will be set in the Status Word 
(bit 2). 

Read Data— The Read Data command 
causes the channel to locate the sector 
defined by the Sector ID image loaded in 
Configuration Words A and B and begin to 
transfer the data field of (at least) that 
sector to main memory. Data will be trans- 
ferred to memory beginning with the mem- 
ory location specified in the subsystems 
memory address register after any offset has 
been exhausted (see Format Read) and will 
continue until the range is satisfied. When 
the transfer of the first specified sector data 
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® Write Data — 


field is completed (without error), the 
Sector Number field of Configuration Word 
B will be incremented. If the initial range is 
greater than 256 (or 576 if 576 byte sectors 
are specified) then the sector on that track 
represented by the updated contents of 
Configuration Words A and B (A is 
unchanged) will be located and data transfer 
will continue with the new sector’s data 
field. This operation will continue until 
either the range is satisfied, a read error 
occurs, or the record specified by Configura- 
tion Words A and B cannot be located on 
the track (as indicated by the detection of 
two index marks without a_ successful 
compare). If the specified record cannot be 
located, then an unsuccessful search will be 
posted in the Status Word (bit 7). 


Track selection for the operation is based on 
the current contents of the Track Address of 
Configuration Word A and B. 


If a read error is encountered in a data field, 
the operation will be terminated and the 
Read Error bit in the Status Word will be set 
(bit 4). The Sector Number field of Config- 
uration Word B will contain the address of 
the record in error. If a read error is 
encountered in an ID field, a mis-compare 
result will be assumed and the search will 
continue. In this case the Read Error bit will 
be posted in the Status Word so that if the 
desired record is never located the operation 
will be terminated with both the Unsuccess- 
ful Search bit and Read Error bit posted in 
the Status Word indicating that the reason 
for the miscompare could be a read error in 
the Sector ID. If the search is eventually 
successful, the Read Error bit in the Status 
Word will be reset. 


If this command is terminated before the 
range is satisfied, the residual range will be 
available via the Input Range command (see 
Input Range). If the range register is zero 
when this command is received, the Task 
will be immediately terminated (End-of- 
Operation). No data will be read or 
transferred. 


If the required transfer rate is not main- 
tained on the Bus (156.25 KW/S), then the 
operation will be terminated and. the 
Overrun/Underrun bit will be set in the 
Status Word (bit 2). 

The Write Data command 
causes the channel to locate the sector 
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defined by the Sector ID image loaded in 
Configuration Words A and B and to rewrite 
the data field of at least that sector. The 
data will be read from memory beginning 
with the memory location specified in the 
subsystem’s memory address register (see 
Format Read). Rewritten data fields will be 
preceded by normal data field sync words 
(see Figure 6-17). 


When the transfer of the specified sector is 
completed, the Sector Number field of 
Configuration Word B will be incremented. 
If the range is less than 256 or 576, the data 
field will be zero filled. If the range is 
greater than 256 or 576, the sector repre- 
sented by the updated contents of Config- 
uration Words A and B (A is unchanged) will 
be located and the data field rewritten 
(preceded by a normal data field sync word). 
This operation will continue until either the 
range is satisfied or the record specified by 
Configuration Words A and B cannot be 
located on the track (as indicated by the 
detection of two index marks without a 
successful ID field compare). If the latter 
event occurs, Unsuccessful Search will be 
posted in the Status Word (bit 7). 


If two or more records are to be updated 
with a single Write Data command, they will 
be written in sequence without the loss of a 
revolution. 


If a read error is encountered in an ID field, 
that sector will be bypassed and the search 
will continue. In this case, the Read Error 
bit will be posted in the Status Word so that 
if the desired record is never located, the 
operation will be terminated with both the 
Unsuccessful Search bit and the Read Error 
bit posted in the Status Word indicating that 
the reason for the unsuccessful search could 
be a read error in the Sector ID. If the search 
is eventually successful, the Read Error bit 
in the Status Word will be reset. 


If this command is terminated before the 
range is satisfied, the residual range will be 
available via the Input Range command (see 
Input Range). If the range register is zero 
when this command is received, the Task 
will be immediately terminated (End-of- 
Operation). No data will be written. 


If the required transfer rate is not main- 
tained on the Bus (156.25 KW/S), the 
operation will be terminated and _ the 
Overrun/Underrun bit will be set in the 
Status Word (bit 2). 
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Track selection for the operation is based on 
the current contents of the Track Address of 
Configuration Words A and B. 


Write Diagnostic— The Write Diagnostic 
command causes the channel to perform as 
if the Write Data command was specified 
except that invalid EDC characters will be 
written at the end of each data field updated 
(the EDC characters will always be zero). 
Note that the data written in the data fields 
will be read from memory and normal data 
field sync words will be written (for all fields 
written by this command). 


Track selection for the operation is based on 
the current contents of the Track Address of 
Configuration Word A. 

Read Diagnostic — The Read Diagnostic 
command causes the channel to read every- 
thing on a track (including gaps, syne words, 
ID and data fields, and EDC bytes) 
beginning with the first sync word after the 
next sector pulse detected and ending at the 
record index pulse. Meaningful operation of 
this command can only be guaranteed on 
tracks which have not been updated since 
the last format operation (updated records 
may contain write splice discontinuities). No 
EDC checks will be done. Data will be 
transferred until the range is satisfied or the 
second index pulse is detected. Normal range 
for this command (to read one complete 
track) is: 


R = [(312.5K Bytes/sec/(2400RPM)] (1.02) 


7968 bytes/track 


If this command is terminated due to end of 
track before the range is satisfied, the 
residual range will be available via the Input 
Range Command (see Input Range). 


If the required transfer rate is not main- 
tained on the Bus (156.25 KW/S), the 
operation will be terminated and the 
Overrun/Underrun bit will be set in the 
Status Word (bit 2). Track selection for the 
operation is based on the current contents of 
the Track Address of Configuration Words A 
and B. 

Wraparound Read/Write— During a 
Wraparound Write command, the channel 
will read 1-96 bytes from memory (at the 
Address specified in the subsystem’s mem- 
ory address register) and transfer the bytes 
to the Cartridge Disk Device-Pac. 
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When a Wraparound Read command is 
received (immediately following a Wrap- 
around Write) the bytes loaded into the 
Device-Pac buffer by the previous Wrap- 
around Write command, will be returned to 
main memory at the address specified in the 
subsystem’s memory address register. The 
bytes returned during this operation should 
be the same as the bytes supplied by 
software in the preceding Wraparound Write 
command. 


A range of 1-96 should be specified for these 
commands. If a zero range is specified, the 
command will be immediately terminated 
(without being executed). If a range greater 
than 96 is specified a residual range will be 
present at termination. 


Command: 
Output Control Word 


Function Code: 


ized. No information about the terminated 
operations will be retained and no interrupts 
for the operations will be generated. The 
interrupt level for all channels will be set to 
Zero (interrupts blocked). 

Stop I/O— This command causes any 
Operation currently active on the specified 
channel to be abruptly terininated. If a data 
transfer operation is in progress, it will not 
be completed nor will any error checking be 
done. An Interrupt will be generated for the 
Operation terminated by this command as if 
the operation had come to a normal ending 
point. Status, Address and Range informa- 
tion, present in the MSC when this 
command is received, will be retained. Note 
that execution of this command may result 
in invalid data on the media (if a write 
operation was in progress) or a device fault 
(if a seek operation had been initiated and 
not completed prior to a subsequent 
operation). 


Test Mode — When an Output Control Word 
command is received with the Test Mode bit 
on, the MSC will enter Test Mode. Once the 
MSC is in Test Mode, specific diagnostic 
type operations may be initiated providing 
different levels of wraparound within the 
MSC and the Cartridge Disk Device-Pac. 


Test Mode operates on an entire MSC and, 
therefore, precludes normal usage of other 
devices on the MSC at the same time. 
Normal mode is resumed when a ‘‘reset test 
mode’’ microinstruction is executed or when 
Master Clear is activated on the Bus. 


01 . 
Format: 


Address Bus 
0 78 17 18 23 


Not Used Channel Number 1000001 


0123 IS 


RFU 


| 0 O—— Initialize 
0 1 O—— Stop I/O 
O 0 1——— Test Mode 
Input Commands 
Function: 

This instruction loads a Control Word into the 
referenced channel. This command will be 
unconditionally accepted by the channel regard- 
less of its Busy status. 


Command: 
Input Range 


Function Code: 


OC 
@ Initialize — This command will cause the 
MSC to reset to the same state that it enters Format: 
after power up. When an initialize command Address Bus 
is received by the MSC all of its channels are ; 6 1718 53 
initialized (regardless of which channel the Channel Number 
command was received over). A Recalibrate aie 
will be executed on all cartridge disk drives. TStecon | 
Cycle Data Bus 

Operations that are in progress in the MSC at 0 910 15 
the time of the Initialization will be abruptly | Ghanne) Number | __ 
terminated and all registers will be initial- (Device) 
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Address Bus 


0 78 1718 23 
Channel Number 
N 

Response 
Cycle Data Bus 

0 15 

Range Register 

Function: 


This instruction causes the current contents of 
the referenced channel’s Range Register to be 
transferred to the requesting channel. 

During the Response Cycle (Second Half 
Read), the MSC will return in bits 8-23 of the 
Address Bus, the same data that was received in 
bits 0-15 of the Data Bus during the Instruction 
Cycle. 

After the completion of a data transfer opera- 
tion, the contents of the Range Register reflect 
the status of that transfer with respect to the 
physical sector(s) read. 


e If the contents is a positive value greater 
than zero, the length of the physical 
sector(s) was less than the sum of the 
original offset range and range. 

e If the contents is zero, the length of the 
physical sector(s) was equal to or greater 
than the sum of the original offset range and 
range. 


Command: 
Input Offset Range 


Function Code: 


OE 
Format: 
Address Bus 
@) 78 1718 25 
Not Used Channel Number 1991110 
(Device) 
Instruction 
Cycle Data Bus 
0 910 15 
Channel Number ——| 
Address Bus 
0 78 1718 23 
Channel Number 
Response 
Cycle Data Bus 
@ 15 


Offset Range Register 
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Function: 

This instruction causes the current contents of 
the referenced channel’s Offset Range Register to 
be transferred to the requesting channel. 

During the Response Cycle (Second Half 
Read), the MSC will retain in bits 8-23 of the 
Address Bus, the same data that was received in 
bits 0-15 of the Data Bus during the Instruction 
Cycle. 

After completion of data transfer operation, 
the contents of the Offset Range Register reflect 
the status of that transfer with respect to the 
physical sector(s) read. 

e If the contents is a positive value greater 
than zero, the length of the physical 
sector(s) was less than the original offset 
range. 

e If the contents is zero, the length of the 
physical sector(s) was equal to or greater 
than the original offset range. 


Command: 
Input Configuration Word A 


Function Code: 


10 
Format: 
Address Bus 
0 78 1718 23 
Not Used Channel Number | 4 1 9 99 0| “A” 
(Device) 
Instruction (0) I ) 0 | (6) “B” 
Cycle Data Bus 
0 910 15 
Channel Number 
(CP) 
Address Bus 
0 78 1718 33 
Channel Number 
Response 
Cycle Data Bus 
0 15 
Configuration Word A (B) 
Function: 


This instuction causes the channel’s Configura- 
tion Word A (B) to be transferred to the 
requesting channel. 

During the Response cycle (Second Half Read) 
the MSC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the Instruction cycle. 
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Command: 
Input Configuration Word B 


Function Code: 
12 


Format: 
See “Input Configuration Word A” 


Function: 
See “Input Configuration Word A”’ 


Command: 
Input Interrupt Control 


Function Code: 


02 
Format: 
Address Bus 
0 1718 
Not Used pe nEENUIOD ER aang a 
(Device) 
Instruction 
Cycle Data Bus 
0 910 15 
Channel Number 
(CP) 
Address Bus 
0 78 1718 23 
Channel Number 
Response 
Cycle Data Bus 
@) 910 15 
Channel Number (CP 
which last loaded Level 
this register) 
Function: 


This instruction causes the channel’s interrupt 
level to be transferred to the requesting channel. 
The level value will be placed on Data Bus bits 10 
through 15 (see above) with bit 15 as the least 
significant bit. This quantity is the value previ- 
ously received in the Output Interrupt Control 
instruction, or, a default value of 00. The default 
value is the interrupt level assumed by the 
channel when initialized. Note that the channel 
number returned in bits 0-9 of the Data Bus 
might be different than the channel number of 
the CP executing this instruction if more than one 
CP is attached to the Bus. 

During the Response cycle (Second Half Read) 
the MSC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the instruction cycle. 
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Command: 
Input Device ID 


Function Code: 


26 
Format: 
Address Bus 
0 78 1718 23 
Not Used Channel Number LO0110 
(Device) 
Instruction 
Cycle Data Bus 
0 910 15 
Channel Number 
(CP) 
Address Bus 
0 78 1718 23 
Channel Number 
Response 
Cycle Data Bus 
@) 15 
Identification Code 
Function: 


This instruction will cause the referenced 
channel to transfer its identification code to the 
requesting channel. Depending on the device 
accessed, one of the following codes will be 
returned. 


Code 

(Hex) Model 

2330 100 tpi, no fixed disk 
(CDU9101) 

2331 100 tpi, with fixed disk 
(CDU9102) 

2332 200 tpi, no fixed disk 
(CDU9103) 

2334 200 tpi, with fixed disk 
(CDU9104) 


During the response cycle (Second Half Read) 
the MSC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the instruction cycle. 


Command: 
Input Task Word 


Function Code: 
06 
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Format: Format: 
Address Bus 
0 78 1718 23 
Address Bus Raeused Channel Number 011000 
5 (Device ) 
0 78 7 ae 17 18 3 Instruction 
Not Used SO ARIE reac? longeoh kil O Cycle Data Bus 
(Device) 
Instruction 0 9 10 15 
Cycle Data Bus Channel Number ——| 
0 910 15 (e2) 
Channel Number Address Bus 
(CP) 
0 7 8 1718 23 
Channel Number 
N 
R (CP) —— 
Address Bus hema 
Cycle Data Bus 
2 i is a 012345678910 11 1213 1415 
Channel Number ce 
[nowt | TLL L I LLL 
Response ee 0 Device Ready 
Cycle pee | Attention 
0 15 2 Overrun/Underrun 
Task Word 3 Write Protection Error: 
4 Read Error 
5 Illegal Seek 
6 Missed Data Sync 
Function: 7 Unsuccessful Search 
This inst ti the Task Word of th 8 Missing Clock Pulse 
1s instruction Causes e Las ord oO e 9 Missing Sector Pulse 
referenced channel to be transferred to the 10 Seek Error 
requesting channel. The Task Word transferred 11 Not Used 
will contain the code for the last operation 12 Corrected Memory Error 
ted by the channel (unless an Initialize has pe Denne 
execute y © 14 Bus Parity Error 
occurred). 15 Uncorrected Memory Error 
During the Response cycle (Second Half Read) 
the MSC will return in bits 8-23 of the Address Function: 


Bus, the same data that 


of the Data Bus during the Instruction cycle. 


Command: 
Input Status Word 


Function Code: 
18 


Status Condition 
Device Ready 


Attention 


‘Initialize encoding only 
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This instruction causes the referenced channel’s 
Status Word to be transferred to the requesting 
channel. 

During the Response cycle (Second Half Read) 
the MSC will return in bits 8-23 of the Address 
Bus, the same data that was received in bits 0-15 
of the Data Bus during the Instruction cycle. See 
also Table 6-15. 


was received in bits 0-15 


TABLE 6-15. STATUS BIT DEFINITIONS — CARTRIDGE DISK 


Reset By 


Definition 


This bit indicates that the device is online with _|A change in condition. 
the medium loaded and that no further manual 
intervention is required to place it under pro- 
gram control. Note that a change of state of 
this bit will cause the Attention bit (bit 1) to 
be set resulting in an interrupt (if the interrupt 


level is non-zero). 

Output Control Word,’ 
Input Status Word, 
Output Task Word, or 
Master Clear on the bus. 


This indicator will be set whenever the Device 
Ready bit (bit 0 of the status word) changed 
state. Any change of operational status of the 

device (e.g., load/unload of media) will be 

indicated to software in this way. 
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TABLE 6-1 5(cont). STATUS BIT DEFINITIONS — CARTRIDGE DISK 


Status Condition 


Overrun/Underrun 


Write Protection Error 


Read Error 


Illegal Seek (100 tpi 
device only) 


Missed Data Sync 


Unsuccessful Search 


Missing Clock Pulse 


Missing Sector Pulse 


"Initialize encoding only. 
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Bit 


Definition Reset By 


Whenever the Attention bit is set an interrupt 
is attempted (if the interrupt level is non-zero). 
If a previously initiated operation is in progress 
when a device state change is sensed the 
resultant interrupt (with the Attention bit set) 
will serve as notification of both the end of the 
operation and the device state change. 


This bit.is set during a Read or Write operation {Output Control Word,’ 
when the data transfer to/from main memory Output Task Word, or 
cannot be maintained at a high enough rate Master Clear on the bus. 


(156 KW/S during field transfers in word 
mode). Either data was lost on input because 
of failure to keep up with device demands or 
data was unavailable on output when required 
by the device. 


This bit will be set if an attempt is made to Same as preceding bit. 


perform any Write operation on a protected 
surface (i.e., Write Protect is set on the device). 
Note that operator intervention is required 

to reset the Write Protect condition of the 
device. 


This bit is set during any Read operation if the Same as preceding bit. 


EDC Word at the end of a field disagrees with 
the EDC Word calculated while reading the 
field. 


This bit is set if bit 7 of Configuration Word A Same as preceding bit. 


is equal to a one during a Seek Command 
execution. 


This bit will be set if, after a Sector ID has been [Same as preceding bit. 


detected during a Read operation, the corres- 
ponding data field is not detected or if during 
a Format Read two consecutive Data field (or 
two consecutive ID field) address marks are 
detected (indicating that a field was missed). 


This bit is set during a non-format Read or Write | Same as preceding bit. 


operation for which the Sector.ID specified in 
Configuration Words A and B cannot be 
located on the Track. 


This bit will be set if the controller detects a Same as preceding bit. 


missing clock pulse during write operations. 
Note that a missing clock pulse during a read 
operation will result in a Read Error. 


This bit will be set if the controller detects Same as preceding bit. 


missing sector pulses for a period of 1.5 msec. 
This normally indicates that one of the fixed 

surfaces (tracks 2 or 3) have been selected on 
a device which has no fixed platter. 
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TABLE 6-15(cont). STATUS BIT DEFINITIONS — CARTRIDGE DISK 
Status Condition Bit Definition 


Seek Error This bit is set during a seek operation if the 
MSC receives a seek error indication from the 
device. This condition occurs if the device 
does not successfully complete a seek opera- 
tion, or if an attempt is made to seek beyond 
the cylinder limits. 


Reset By 


Output Control Word,! 
Recalibrate, or Master 
Clear on the bus. 


Corrected Memory Error This bit indicates that during execution of the 
previous operation Main Memory detected 
and corrected a memory read error. The data 
that was delivered to the MSC was assumed 


to be correct. 


Output Control Word,! 
Output Task Word, or 
Master Clear on the bus. 


Non-Existent Resource This bit is set whenever the MSC attempts a 
Write or Read request Bus cycle and receives 


a NAK response. 


Output Control Word,! 
Output Task Word, or 
Master Clear on the bus. 


Bus Parity Error This bit will always be zero (not supported by 


the MSC). 


This bit indicates that during execution of the 
previous operation Main Memory detected a 
memory read error which the EDAC algorithm 
could not correct. The data that was delivered 
to the MSC was incorrect. Occurrence of this 
condition will not cause termination of the 
operation in progress (may result in bad data 
written on the medium). 


Uncorrected Memory Error Output Control Word,! 
Output Task Word, or 


Master Clear on the bus. 
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Specifications 


Capacity 


CDU9104 


CDU9101 CDU9102 CDU9103 


Density Low Low High High 
Media Rernovable _ Removable Removable Removable 
and Fixed and Fixed 
Bytes/Sector 256/576 256/576 256/576 256/576 
Sectors/Track 24/12 24/12 24/12 24/12 
Bytes/Track 6,144/6,912 6,144/6,912 6,144/6,912 6,144/6,912 
Tracks/Cylinder 2 4 2 4 
Bytes/Cylinder 12,288/13,824 24,576/27,648 12,288/13,824 24,5 76/27 ,648 
Cylinders/Unit 204 204 408 408 
Bytes/Unit 2.5/2.8 MB 5.0/5.6 MB 5.0/5.6 MB 10.0/11.2 MB 
Units/Controller 4 4 4 4 
Bytes/Controller 10.0/11.2 MB 20.0/22.5 MB 20.0/22.5 MB 40.1/45.1 MB 


Simultaneity Speed/Rates 

During data transfer on one unit, simultaneous AVERAGE LATENCY (ROTATIONAL): 12.5 
seek operations can be performed on all other ms SEEK TIMES: Same Cylinder — 0; Track to 
units attached to the same controller. Track — 9 ms; Average Random — 35 ms: Maxi- 
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mum (408 tracks) — 60 ms; Transfer Rate — 2.5 
million bits/second; 312K bytes/second; 156K 
words/second. 


Controller 
MSC9101 controls up to four disk units of the 
same density. 


Device Interface 
A single Device-Pac (CDM9101) interfaces up 
to four disk units. 


Disk Pack 

A Honeywell Type M4024 cartridge disk (or 
equivalent) is used for either the high- or low- 
density units. 


Physical Dimensions 
Height: 8.75 inches (24 cm) 
Width: 17.75 inches (45 cm) 
Depth: 30.0 inches (76.2. cm) 
Weight: 84 pounds (40 kg) 
(with pack) 

Power 
Voltage: 120/220 Vac +10%, -15%; 


240 Vac +6%, -15% 
Frequency: 60/50 Hz +0.5 Hz 


SERIAL PRINTERS 


The Types PRU9101 and 9102 Serial Printers 
are self-contained, table-top sized _ printers 
designed for low-cost printing requirements (Fig- 
ure 6-18). The printers have 64-and 96-ASCII 
code character sets, respectively. Both operate at 
165 characters per second and print at line speeds 
of 60 lines per minute (lpm) for 132 chars./line 
and 200 lpm for 20-30 chars./line. 

The printers interface with the 6/30 Models by 
means of a single-board Multiple Device Con- 
troller (MDC9101), a Printer Device-Pac (PRM- 
9101), and a 50-foot cable. The printers can be 
made self-standing via Option PRF9101, the serial 
printer pedestal. 


Features 


® Upper/lower case print capability with 
PRU9102 

@ Separate offline 
maintenance 

@ Line speeds of 60 lpm at 132 characters per 
line; 200 lpm at 20-30 chars./line 

@ Original and up to four carbon copies 

@ Vertical forms tape permits various form 


Sizes 


test mode for easy 
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Operation 


Data to the serial printer must be in standard 
ASCII 7-bit format. A maximum of 132 charac- 
ters per line and only one line at a time can be 
printed per operation. All data transfers are under 
DMA (Direct Memory Access) control. 

Spacing to top-of-form and testing for end-of- 
form is controlled via holes punched into a paper 
tape. The operator may, therefore, change the 
spacing by simply punching a new paper tape. 


Data Handling 

The range of the data buffer in memory is 
expressed in bytes and should be equal to or less 
than one print line. The number of bytes trans- 
ferred may be even or odd and the starting 
address of the buffer may be on any byte 
boundary. The MDC will fetch words from 
memory but will send only the specified bytes to 
the printer. 

The data to the printer will correspond to the 
bus data in the following way: 


Left Byte on Bus 


Character to Printer 


Right Byte on Bus 


> Po] af sf | 


Character to Printer 


The eighth bit (bit O or 8 on the bus) is a 
“don’t care’ bit so that the same character will be 
printed regardless of the state of that bit. 

The 64- and 96-character ASCII sets are shown 
in Table 6-16 . The MDC/Printer will perform 
limited code translation on the data. Figure 6-19 
is a diagram of the data manipulation by the 
Device-Pac. The data buffer specified by the 
software will be code converted so that it will be 
printed regardless of the number of printable 
characters supported by the printer (64 or 96). 
Control commands are supplied by the software 
driver separately from the data buffer and are 
inserted in the data stream*after the code trans- 
lation has taken place. 

Code translation is limited to bit 6 (bus bit 2 or 
10) and is as follows: 


64 Character Set if 67, b6 = 00, set to 01 


if b7, b6 = 11, set to 10 


96 Character Set if b7, b6 = 00, set to 01 
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TABLE 6-16. 96 CHARACTER ASCII SET 


OPmOnAINUOABPWNH 
OmenANnN PWN 


0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 


PRR RPOCOORrRFRF OOOO 
RPOrOrFOoOrFOoOrOCOrFOF OF O 


AMODOAWPOANADNABWNE OS 
Zz 
CPS ENS Se Se 
© 


RBPrROOrRFOOrRF COFFS 


my UA vee 
VY iat 


: : : NOTE: Serial Printer (PRU9102) prints this as a space. Line 
Figure 6-18. PRU9101/9102 Serial Printers Printers (PRU9103/9105) prints this as a box. 


DMA 

DATA 
PRINT 
BUFFER TRANSFER 
IN 


MEMORY 


FETCH DATA 


sa eae DISREGARD INSERT 
BIT 8 CONTROL 
TO ADAPTER CHARACTERS TO PRINTER 
OPERATE ON & VFU 
BIT6 COMMANDS 
IN DATA 
STREAM 


“INTERPRET 
COMMANDS 


CONTROL COMMANDS 
PRINTER DEVICE-PAC 


PRINTER 
DRIVER 
SOFTWARE 


10 COMMAND 
TRANSFER 


INTERRUPT *ASCII BIT DESIGNATIONS 


Figure 6-19. Data Manipulation of Printer Device-Pac 
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Instructions 

Table 6-17 lists the I/O commands to which 
the MDC/printer Device-Pac/printers respond. A 
detailed description of each command follows 
this table. 


’ TABLE 6-17. SERIAL PRINTER COMMANDS 


Function 
Code 


Command 


Output Interrupt Control 
Output Control 

Output Task Word 
Output Address and Range 


Input Interrupt Control 

Input Task Word 

Input Memory Byte Address 
Input Memory Module Address 
Input Range 

Input Status Word 1 

Input Status Word 2 

Input Device ID 


Input 


NOTE: The instructions and programming 
information presented in this section 
also. pertains to users of the 
PRU9103/9104/9105/9106 Line 
Printers. 

Output Commands 
Command: 


Output Interrupt Control 


Function Code: 


05 
Format: 
0 910 15 
CP Interrupt 
Channel Number Level 
Function: 


Loads a 16-bit word into the interrupt control 
register with the information necessary for gener- 
ating an interrupt, i.e., the interrupt level and 
which CP the interrupt is to be issued to. 
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Command: 


Output Control 
Function Code: 
01 
Format: 
01234 15 
TTT[L see 
10000 — Initialize 
01000 — Stop 1/O 
00100 — Test Mode 
00010 — Freeze Address 
Function: 


Loads a 16-bit control word into the refer- 
enced channel and will be accepted uncondi 
tionally regardless of any channel busy status. 
The channel may respond with a WAIT, but never 
with a NAK. The individual bits will cause the 
following specific action to occur: 


@ Initialize 
— Causes the MDC to run its resident logic 
test 
— Clears all MDC Device-Pacs 
— Operates on all channels of MDC 
— Makes all channels of MDC non-busy 
— Blocks interrupts 
@ Stop I/O 
— Makes channel non-busy (causes interrupt 
if enabled) 
— Does not affect other channels 
— Causes channel to terminate its I/O opera- 
tion and update status 
@ Freeze Address 
— Prevents the MDC from modifying its 
DMA address register during operation. 
The printer works normally in all respects 
except that the entire transfer takes place 
from the same memory location. 
@ Test Mode 
— See paragraph entitled ‘“Test Mode’. 


Command: 
Output Task Word 


Function Code: 
07 
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Bit 8 — Specifies 
whether or not to 
print. 


Bit 11 — Identifies 
which of the two inter- 
pretations apply to bits 
12 through 15. 

0 = Slew N lines 

l = Go to VFU channel N 


Bits 12 through 15 specify a number which may be either a 
VFU channel or the number of lines to be spaced. Bit 11 
identifies which of the two interpretations apply to bits 

12 through 15. The maximum value of N is 15 for a spacing 
operation. For a VFU operation, the maximum 

value of N is 12. Printers without VFU will go to 

top of form by being commanded to go to VFU 
channel 0. 


The device ID number can be used to determine which of 
the printers is installed. In the case a VFU command is 
issued, where a VFU is not installed or where the VFU 
number is too large, the VFU command will be ignored 
and the data will be printed with a single line space. 


Function: 
Outputs a word that determines the specific 
printer action to be performed. 


Command: 
Output Address and Range 


Function Code: 


09 
Format: 
0 23 
Address Transfer 
0 15 
Range Transfer 
Function: 


The IOLD command when executed by the 
processor creates two bus transfers to the MDC. 
The first is the 24-bit address transfer and the 
second is the 16-bit range transfer. To the MDC, 
these are two separate and distinct bus transfers 
with two separate and distinct function codes of 
09 for the address transfer and OD for the range 
transfer. The programmer need only specify the 
first function code and the processor hardware/ 
firmware will automatically calculate the second 
function code (by adding 04 to it). 
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@ Address Transfer — A 24 bit quantity 
transferred to the MDC to be used as the 
starting byte address of the data record in 
memory which is to be transferred. 

@ Range Transfer — A 16 bit quantity trans- 
ferred to the MDC to be used as the byte 
range count of the data record in memory 
which is to be transferred. Range is specified 
as a two’s complement integer which must 
be positive for the MDC. Therefore, for the 
MDC, Range is: 


1<r<2}5— 1] 


Range should be restricted to the line length of 
the printer attached. The reaction of the printers 
to a buffer in excess of this is as follows: 


1. Line Printer — Characters in excess of 136 
are output by the printer Device-Pac, but 
discarded by the printer. 

2. Serial Printer — Characters in excess of 132 
overprint starting with the first column. 


The range transfer includes the implicit command 
Start I/O and causes the MDC to start print and 
to go Busy. 


Input Commands 


Command: 
Input Interrupt Control 


Function Code: 


04 
Format: 
0 15 
Function: 


Causes the channel to place the contents of its 
interrupt control register on the data bus. 


Command: 
Input Task Word 


Function Code: 
06 
Format: 


0 15 


Function: 


Causes the channel to place the contents of its 
task register on the bus. 
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Command: 
Input Memory Byte Address 


Function Code: 


08 
Format: 
0 15 
Memory Address Bits 
8 > }3 
Function: 


Causes the channel to place the 16 least 
significant bits of its DMA address register on the 
data bus. The bits represent the memory address 
register bits 8-23. 

Note: This command will violate memory 
protection. 


Command: 
Input Memory Module Address 


Function Code: 


OA 
Format: 
0 78 Z 
Not Used Memory Address Bits 
OQ ——________».7 
Function: 


Causes the channel to place the eight most 
significant bits of its DMA address register on the 
data bus. The bits represent memory address bits 
from O through 7 inclusive. 


NOTE: This command will violate memory 
protection. 


Command: 
Input Range 


Function Code: 
OC 


Format: 
15 


—— 
Function: 


Causes the channel to place the contents of its 
range register on the data bus. 


Command: 
Input Status Word 1 


Function Code: 
18 
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Format: 


BOSASECUCOCMNERE EE 


End of Form 
Attention 
Device Ready 


Status Word | 


Non Correctable 
Memory Error 


Bus Parity 


Non-Existant 
Resource 


Corrected Memory 
Error 
Function: 

Causes the channel to place the contents of its 
first status register on the bus. See also Table 
6-18. 

Command: 
Input Status Word 2 


Function Code: 
1A 


Format: 


OPEEEETERELoln peffsfs] sa wo 


Non Correctable 
Memory Error 


End of Form 
Attention 
Device Ready 


Bus Parity 


Non-Existant 
Resource 


Corrected Memory 
Error 


Function: 

Causes the channel to place the contents of its 
second status register on the bus. See also Table 
6-18. 

Errors during data transfer will be indicated by 
a Status erport at the end of the record. 

Errors on I/O Commands from the CP will set 
the appropriate status bit and immediately inter- 
rupt the CP. The I/O Command will be acknowl- 
edged normally and stored in the MDC memory 
but will not cause any further action. If interrupts 
are blocked (Level = 0), the command in error 
will be used as if there were no error. 


Command: 
Input Device ID 


Function Code: 
26 


Format: 
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TABLE 6-18. STATUS BIT DEFINITIONS — SERIAL AND LINE PRINTERS 


Status Condition 


Device Ready 


Printer power on. No faults. Paper loaded. No 
open interlocks. Switches in correct positions. 


Reset By 


A change in conditions. 


Attention The device ready condition has changed. Reading Status word 1 
clears this bit. 
End of Form The printer has detected End of Form either by | Next IOLD Command. 
VFU, if equipped, or otherwise by precon- 
figured line count. 
Corrected Memory Error The memory read response was accompanied Next [OLD Command. 


Non-Existent Resource 


memory). 


Parity 
toward the MDC. 


Uncorrectable Memory 


Function: 
Causes the channel to place its device identifi- 
cation number on the data bus. 


@ Serial Printers — 2004 (PRU9101) 
2006 (PRU9102) 

— 2000 (PRU9104/9106) 
2001 (same as above but 
with PRF9102) 

2002 (PRU9103/9105) 
2003 (same as above but 
with PRF9102) 


e Line Printers 


Specifications 
Paper Stock: Width — 4.4 in. (11.4 cm) to 
14.8 in. (37,8 cm). Weight — Standard 
fan-folded and edge-punched: 15 lb. (6,82 
kg) minimum; multicopy: 12 Ib.(5,45 kg) 
maximum; with carbon: 6 lb. (2,73 kg) for 5 
parts. 
Programmed Operations: Print only; space 
only, space and print. 
Device Interface: Each serial printer requires 
its own Printer Device-Pac (PRM9101). 
Printable Characters: PRU9101 — 64-char- 
acter set: 10 numeric, 26 alphabetic, and 28 
special symbols; 
PRU9102 — 96-character set: 10 numeric, 
52 alphabetic, and 34 special symbols. 
Print Format: 132 print positions per line, 
10 characters per inch. Vertical spacing is 6 
lines per inch. 
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by a signal indicating the error was corrected. 


A NAK was received from memory. Indicates 
possible programming error (non-existent 


The parity was incorrect on a bus transfer 


The memory read response was accompanied 
by a signal indicating an error existed that 
could not be corrected. 


Next IOLD Command. 


Next [OLD Command. 


Next IOLD Command 


Print Speed: 60 lines per minute at 132 
characters per line. 
Matrix Font: 9 x 7 Dot; equivalent to 10 


point type. 
Physical Characteristics: Height — 11.10 in. 
(29,2 cm); 
Width — 2.4 ft (70,4 cm); Depth — 1.6 ft 
(50,7 cm); 


Weight — 118.3 lb. (53.6 kg). 
Required Input Power: 120 Vac + 10%, 
-15%;60 Hz + 1/2 Hz, 450V Amps. 


LINE PRINTERS 


The Types PRU9103/9104/9105/9106 Printers 
are designed to provide 6/30 Model users with 
high-quality printed output at medium to high 
print rates of 240 to 600 lines per minute (lpm) 


(Figure 6-20). The PRU9104/9106 and 
PRU9103/9105 have 64- and 96-ASCII character 
code sets, respectively. All printers offer 


136-column printing and provide for vertical 
spacing of six or eight lines per inch. Format 
flexibility can be greatly enhanced via Option 
PRF9102 Vertical Format Unit which enables 
paper spacing to be controlled by a 12-channel 
paper tape. The flexibility of upper and lower 
case printing is available with the PRU9103 and 
9105. 

The printers interface with the Level 6 
processor by means of a single-board Multiple 
Device Controller (MDC9101), a _ Printer 
Device-Pac (PRM9101) and a 50-foot (max 
length) cable. 
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Figure 6-20. PRU9103/9104/9105/9106 Printers 


Features 

@ Original and up to five copies 

@ Simplified operation — fault indicator panel 
included for rapid identification of 
operator-correctable problems 

@ Easy paper loading with front-access, swing- 
open, drum gate mechanism 

@ Full line (136 characters) buffer, loaded at 
5-10 us per character under DMA control 

@ Byte-mode addressing conserves memory 

® Six/eight-lines per inch selection 

@ Separate offline test mode for easy mainte- 
nance 

© Upper/lower print capability with 
PRU 9103/9105 


Operation 
Printing operations for printers without the 
VFU option include: 


@ Print without spacing 

@ Space one to fifteen lines 

@ Space one to fifteen lines and print 
@ Space to head of form and print 


For printers with the VFU option the follow- 
ing operations can also be performed: 


@ Space to channel 1 (or channels 2 through 
12) and print 
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@ Space to channel 1 (or channels 2 through 
12) and do not print 


All data transfers are under DMA (Direct 
Memory Access) control. While the printer is 
busy, the computer is free to perform other 
Operations, 


Instructions 

The instructions and programming information 
presented for the serial printers is also applicable 
for the line printers. 


Specifications 
Print Speed: PRU9103 — 240 Ipm; PRU- 
9104 — 300 lpm; PRU9105 — 480 Ipm; 
PRU9106 — 600 lpm. 
Columns Per Line: 136 
Line Advance Speed (one line): 50 ms (max) 
Paper Slew Speed: 20 ips (min) 
Vertical Spacing: 6 or 8 lines per inch 
Printable Characters: PRU9103/PRU9105 — 
96-character set, upper and lower case ASCII 
code; PRU9104/PRU9106 — 64-character 
standard ASCII code set. 
Paper Stock: Standard fan-folded and 
edge-punched: 4.01 inches (10.2 cm) to 
15.98 inches (40.6 cm) wide, with 11.02 
inches (28.0 cm) between folds. When VFU 
option is present, distance between paper 
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folds may be varied from 4.01 inches (10,2 
cm) to 17.99 inches (45.7 cm) at 8 lines per 
inch, or 4.01 inches (10.2 cm) to 23.97 
inches (60.9 cm) at 6 lines per inch. 
Weight — For single copy: 14.93 pound 
(6.72 kg) bond (min) For up to six copies: 
12.22 pound (5.5 kg) bond with carbon 
(min). Maximum form thickness — 0.023 
inches (0.0508 mm) 
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Device Interface: Each printer requires its 
own Device-Pac (PRM9101) 

Physical Dimensions: Height — 45 in. (114 
cm) high: 

Width — 33 in. (81.3 cm) wide; Depth — 22 
in. (56 cm) 

Weight: 340 lb (150 kg) 

Required Input Power: 115/220 Vac + 10 %, 
50 or 60 Hz + 2 Hz, single phase, 525W 
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SECTION 7 
SOFTWARE 


Level 6 offers both a basic and an extended 
software capability in packages called, respec- 
tively, GCOS/BES1 and GCOS/BES2. 


GCOS/BES1 


GCOS/BES1 performs the chief system func- 
tions, allowing you to concentrate on your 
applications. Figure 7-1 provides an overview of 
the various modules, languages, programs, and 
development tools. 


Program Development Tools 

The program development tools operate in an 
offline environment and are comprised of: a 
Command Processor that interacts with the 


Loader to bring the other system modules into 
memory, two language processors — a FORTRAN 
Compiler and an Assembler for the Level 6 
Assembly Language, an Editor for correcting the 
source text of programs written in either lan- 
guage, a Linker that converts object modules 
from the Assembler or the compiler into an 
executable form, and a Cross-Reference Program, 
which is a utility that relates the symbolic tags of 
an assembly program to the listing line numbers 
where they appear. Figure 7-2 summarizes the 
sequence of events that might take place during 
the development of an application program. 


Command Processor 

The Command Processor loads all system and 
application programs via console commands that 
initiate the following functions: 


@ Places information in the Loader communi- 

cation block. 

Builds an Attach Table. 

@ Builds an Argument List. 

@ Sets addresses in the appropriate registers for 
the argument list and the program’s return 
address. 


GCOS/BES1 SOFTWARE 


EXECUTIVE MODULES 


PROGRAM DEVELOPMENT TOOLS 


INPUT/OUTPUT MODULES 


© TASK MANAGER © COMMAND PROCESSOR © ONLINE ELEMENTS 
© CLOCK MANAGER @ EDITOR _ FILE MANAGER 
© OPERATOR INTERFACE MANAGER © ASSEMBLER — FORTRAN RUN-TIME I/o 
© BUFFER MANAGER © FORTRAN COMPILER ROUTINES (FRIOR) 
— DRIVERS 
e@ 
suena CARD READER 
© CROSS-REFERENCE PROGRAM PRINTER(S) 
CONSOLE (KSR/ASR) 
UTILITY PROGRAMS DISKETTE 


@ UTILITY SET1 
INITIALIZE VOLUME/FILE, 
ALLOCATE, DELETE, LIST, 
DUMP, REPLACE, RENAME 

@ UTILITY SET 2 
PRINT, DUMP LOGICAL FILE, 
DUMP PHYSICAL DISKETTE, 
DISKETTE TO PAPER TAPE, 
CARD/PAPER TAPE TO DISKETTE 


@ UTILITY SET 3 
COPY, COMPARE 


@ DEBUGGER 
@ PROGRAM PATCH 


PROGRAMMING LANGUAGES 


@ ASSEMBLY LANGUAGE 
@ FORTRAN (ANSI 1976) 


OTHER SOFTWARE 


@ CONFIGURATION LOAD MANAGER 


@ LOADERS 
DISKETTE 
PAPER TAPE 


@ FORTRAN MATH ROUTINES 
@ FLOATING-POINT SIMULATOR 
@ TRACE TRAP HANDLER 


Figure 7-1. Software Overview 
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SOURCE FILE 


EDITOR 


LISTING 
OF 
SOURCE 
PROGRAM 


ASSEMBLER 
OBJECT FILE 


DISKETTE 
LINKER LOAD FILE 
DISKETTE 


Figure 7-2. Program Development Sequence 


The Command Processor responds to these 
console commands by providing the Loader with 
the precise directions necessary to load the 
requested system or application program. The 
four commands are: 


® Load Initialize — specifies a relocation factor 
for the program being loaded and provides a 
post-load option of either halt or execute. 

@ Attach — provides the name, logical file 
number, symbolic device name, and channel 
number for each file used by the program to 
be loaded. One Attach command is neces- 
sary for each file, including the one the 
program to be loaded resides in. The Com- 
mand Processor uses the information from 
this statement to build the Attach Table. 

@ Detach — deletes entries from the Attach 
Table, initializes all except the standard 
system entries, and “repacks’’ the table by 
altering the table displacement in the first 
word of the Attach Table. 

@ Load — provides the member name of the 
load module to be loaded and whatever 
arguments are needed by the module. The 
Command Processor uses the information 
from this command to build the Argument 
List and sets a bit in the Loader indicator 
word of the Loader communication block to 
indicate that there are arguments to be 
passed. 
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The Command Processor also places the 
address of the control word of the Argument List 
into register B7 and sets a value in register B5 for 
the return address. 


Editor 

The Editor is a system program that enables 
you to correct the source text of application 
programs written in either the Level 6 Assembly 
Language or FORTRAN. Editor accepts its source 
file input from diskette and writes the corrected 
source program out. to diskette. The command 
file that directs Editor’s operation can come from 
a KSR, paper tape on an ASR, or a card reader. 

If the source program to be corrected is not 
already on diskette, the file can be created by 
using the INSERT command, followed by the 
text for the file and the appropriate commands to 
terminate the insert and close the file. The 
Program Development Tools manual details all 
the Editor commands for locating, substituting, 
deleting, and inserting statements in source 
programs. 

Once you have written and edited your applica- 
tion program, it must be assembled or compiled 
using one of the system programs. 


Assembler 

The Level 6 Assembler is a system program 
that processes Assembly Language source code, 
translates these statements into object code 
acceptable to the Linker, and produces a listing of 
the source statements and their associated 
machine code equivalents, suitably flagged for 
error conditions. 


The Assembler is a two-pass program that runs 
in a minimum configuration of 8 KW. The first 
pass generates the symbol table in the Assembler’s 
resident table area; the second pass generates the 
object module and a listing if requested. 

The Assembler accepts the input commands 
that control its operation from a KSR; it accepts 
source statement input from disk. The Assembler 
output, both the object module and the list, can 
be written to diskette, as well as assigned directly 
to a printer. 


FORTRAN Compiler 

The FORTRAN Compiler translates source 
statements written in that language into either an 
object module ready for processing by the Linker 
or a file of assembly language instructions for 
further processing by the Level 6 Assembler. The 
compiler is a single-pass processor that operates in 
16 KW of memory. 
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The compiler is invoked by a command entered 
through the console; it accepts its source input 
from diskette and produces its object module or 
assembly language source module on diskette. 
The Compiler also produces a listing of the source 
text with imbedded diagnostics and a memory 
map that is directed either to a diskette (for 
printing later) or to a printer. 

Two sets of routines are available for use with 
FORTRAN programs: basic external functions 
and intrinsic functions. The basic external func- 
tions are frequently used mathematical routines; 
the intrinsic functions are a set of fundamental 
operations that are difficult to express in 
FORTRAN statements and, hence, are written in 
Assembly Language for use with FORTRAN 
programs. 


Linker 

The Linker converts object modules that are 
the output of the compiler or the Assembler to a 
format acceptable to the diskette loader. It 
resolves external references and can process one 
or more object modules to produce a single load 
module or several load modules in one execution. 

The Linker is controlled by command state- 
ments that are entered through a console. The 
Linker input and output files must be on diskette. 
Linker also produces listings containing a link 
map and error messages that can be output to a 
console printer, line printer, or spooled to disk- 
ette for later printing. 


Cross Reference Program 

A Cross Reference Program, provided for use 
with Assembly Language source programs, reads 
the source statements and produces an alphabet- 
ized listing of cross references (i.e., symbol 
definitions and where they are used) for the 
program. This Cross Reference Program keeps a 
tally of the number of times each symbolic tag is 
used, and which statements the symbol occurs in 
so that when a problem arises, all corrections to a 
particular entity can be made at one time. 


Utility Programs 

The system programs designated as utilities 
provide a variety of services for volume prepara- 
tion and maintenance, file handling, and data 
transfer from one type of medium to another, as 
well as program debugging and patching of either 
object or load modules on diskette files. These 
utility programs only execute in the offline 
environment and require the Command Processor. 
The following descriptions are very brief, for 
complete details see the GCOS/BES Utility 
Programs manual. 
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Utility Set 1 

Utility Set 1 performs diskette volume and file 
preparation and maintenance. One of its func- 
tions is to initialize new diskette volumes for use 
with the diskette drive and to allow the volume to 
be processed by the system file handling routines. 
Initialization consists of writing the bootstrap 
record, the loader, and volume directory informa- 
tion on track zero of cylinder zero of the volume. 

Other functions are: 


Allocating space for new files. 

Deleting files or members. 

Initializing partitioned files. 

Listing contents of volume directories and 
member names of partitioned files. 

Dumping information from a diskette to a 
memory area or from memory to diskette or 
to a console, line, or serial printer. 

Replacing one memory value with another. 
Renaming a volume or a file. 


Utility Set 2 
Utility Set 2 provides the following data 
transfer functions: 


Printing a file or member. 

Dumping a logical file or member. 

Dumping a physical diskette. 

Transferring file or member from diskette to 
paper tape. 

Transferring card or paper tape file to 
diskette. 


Utility Set 3 
Utility Set 3 provides for copying and verifying 
diskette data, including: 


@ Copying a volume, file, or member from one 
diskette to another. 

® Comparing the new volume or file (but not a 
partitioned file or member) with the original 
to verify the accuracy of the copy operation. 


Debugger 

Debugger is an interactive utility used for 
program testing and error correction. The console 
dialogue consists of commands submitted by the 
operator and responses displayed on the console 
printer in the form of informational and error 
messages. Debugger can display and modify mem- 
ory addresses and register contents. The “break- 
point” feature of the utility causes the automatic 
activation of Debugger when a specified operation 
code occurs in the program being executed. When 
the utility terminates, it automatically transfers 
control back to the executing program. 
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Program Patch 

The Program Patch utility allows the alteration 
of either object or load module text. Patches can 
be created, added, deleted, and listed by using the 
appropriate commands to the utility. 


Executive Modules 
The Executive software is a basic set of support 
facilities enabling you to develop your application 
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programs around such system-supplied features as 


clock-initiated tasks, automatic task scheduling 
and dispatching based on a flexible priority/ 
interrupt structure, and the trapping of certain 
conditions arising out of program execution, 
without adding to your software overhead. Figure 
7-3 shows the interrelationships of the Executive 
modules. 
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Figure 7-3. Interrelationships of the Executive Modules 
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Task Manager 

This Executive component, supported by firm- 
ware and hardware functions, schedules, dis- 
patches and synchronizes tasks. To maintain the 
various task states shown in Figure 7-4, a number 
of data structures are defined when the online 
environment is configured. These structures are: 


@ Priority level activity indicators 
@ Interrupt vectors 

® Interrupt save area (ISA) 

@® Request queues 


Priority Level Activity Indicators 

Each of the 64 priority levels is associated with 
an activity indicator bit in a 4-word contiguous 
area in a dedicated main memory location. Each 


Tt ea eatnien tmmni — 


bit in the 4-word area indicates whether or not its 
respective priority level is active. Bit zero of the 
first word indicates activity of a priority level 
zero task when this bit is on (equal to one); bit 15 
of the fourth word indicates activity of a priority 
level 63 (system idle) task. When the level is 
inactive, its respective bit is equal to zero. 


In terrupt Vectors 


Interrupt vectors are pointers to priority level 
specific entries in the interrupt save area (ISA). 
Each vector is one word long and contains either 
zeros if no task is using that particular priority 
level, or the address of the location of the ISA 
related to that task’s level. There is one vector for 
each of the 64 priority levels and the 64word 
area is in a dedicated main memory location. 


Figure 7-4. Task States 
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Interrupt Save Area 

This structure, residing in a nondedicated area 
of main memory, is where the context of an 
interrupted task is saved, and from which that 
context is restored when the task is restarted. A 
task’s context consists of its registers and several 
other necessary pieces of information for restart- 
ing the task. You can select the number of 
registers that are saved/restored. There is one ISA 
for each priority level in use except for level 3, 
the inhibit level. (See Figure 7-5.) 


Request Queues 

These structures coordinate requests for the 
execution of tasks. The request queues, one for 
each priority level, consist of header tables and 
request blocks threaded together in a forward 
direction. (See Figure 7-5.) 

The request queue header tables contain 
pointers to the request blocks for each priority 
level. The start-of-queue (SOQ) header table 
contains pointers to the first request block 
associated with each priority level. Each request 
block in turn points to successive request blocks 
for that level’s task, until a block is reached that 
contains zero in the “next entry”’ pointer, indicat- 
ing that the last block in the queue has been 


LEVEL 
ACTIVITY 
INDICATORS 
a 

LVL ae 
INTERRUPT Le 
VECTORS 7 

1 PA 

a 

337 

7 INTERRUPT 

SAVE AREA 


reached. The end-of-queue (EOQ) header table 
points directly to the last block in the queue. 

The request blocks themselves are variable 
length areas of contiguous main memory. They 
contain information for task management such as 
the task’s level and status, and any other data in 
the form of temporary storage or values needed 
by the task. 


Management of Task States 

The task states shown in Figure 7-4 are 
managed by interactions of software routines 
with hardware and firmware functions. The hard- 
ware in task management saves and restores task 
contexts. 

Firmware functions that alter task states are: 


® Activate — mark the level as active (followed 
by Resume). 

@ Suspend — mark the current level as inactive 
(followed by Resume). 

@ Resume — examine the level activity indica- 
tors for the highest active one and start task. 

@ Inhibit — mark a dedicated, high priority 
level as active and immediately start a task 
on this level. The running task continues on 
this level with no context save or restore. 


REQUEST QUEUES 


REQUEST 
BLOCK 


REQUEST 
BLOCK 


Figure 7-5. Task Management Data Structures 
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@ Enable — return a task to its normal level 
from the inhibit level. 


The software functions that alter task states 
are: 
@ Request — supports the capability to request 
the activation of a task. 
Wait — provides for a running task to be put 
in the wait state to allow the completion of 
another task that was called by the running 
task. 
Post — provides for the reactivation of a 
waiting task, and the termination of the task 
being waited for. 
Terminate — ends a running task and unlinks 
the associated request block. 


Clock Manager 

This Executive component controls the con- 
necting, disconnecting, and processing of the 
clock timer blocks and the system control struc- 
tures used for the timing of tasks by the 
Executive software. 

The clock timer blocks are defined by the user 
according to application requirements and then 
are maintained by the Clock Manager and used to 
activate tasks at given priority levels after an 
elapsed time interval or at some regular time 
interval. 

The Clock Manager subroutines provide the 
following services: 

@ Connect the clock timer blocks. 

@ Disconnect the clock timer blocks. 

® Convert the time of day to ASCII format. 

® Convert a millisecond value to a _ clock- 
compatible value. 

@ Convert the date to ASCII format. 

Each subroutine provides a return status indica- 

tion when it finishes execution. 


Operator Interface Manager 

The Operator Interface Manager controls all 
operator dialogue with software in an online 
environment. It presupposes a _ keyboard- 
send-receive (KSR) device that not only prints 
out messages to the operator, but also accepts 
information from a keyboard. 

The component uses three kinds of messages: 


@ Information message — consists of an auto- 
matic line feed, message text, and automatic 
carriage return. 


@ Prompter message — solicits an operator 
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response, and consists of a line feed, text 
and question mark. 

@ Reply message— enables an _ operator 
response to a request for information or 
other specific input. 


Buffer Manager 

This Executive component manages the system 
and user-requested memory space. The memory 
space used for buffer areas is defined when the 
online environment is configured. (See also ““Con- 
figuration Load Manager.’’) 

When the Buffer Manager receives a request for 
buffer space, it searches the predefined control 
structures and related buffer pools for the appro- 
priate space. Even if a request is made for a block 
size that is not specifically defined, the request 
can be filled with a block of the next larger 
defined size. 

When a block of the appropriate size is found, 
the Buffer Manager then supplies the requesting 
program with the address of the block along with 
a return status indicating a normal operation. If 
the request cannot be honored, the returned 
status indicates either invalid size, if the requested 
buffer was larger than the largest defined buffer 
block, or it indicates that the pool of the 
requested size is empty, that is, no blocks are 
available. 

After a program has finished using a buffer 
area, it can indicate that it no longer needs the 
space, and the Buffer Manager reconnects the area 
to the pool, thus making it available for use again. 


Input/Output Modules 

The software components that provide data 
input and output services consist of several groups 
of modules; some are provided for online environ- 
ments exclusively, others execute in an offline 
environment. 

The modules that provide online input and 
output services are a File Manager, a set of 
FORTRAN Run-Time Input/Output Routines 
(FRIOR), and a set of device drivers. The offline 
input/output services are provided by a set of 
device drivers. 


File Manager 

The File Manager consists of a set of service 
routines that provide access to volumes and files 
in an online environment. Among the routines 
provided by the File Manager are those to open, 
read, write, and close files, as well as routines to 
supply file status information, to position files. 
The File Manager also returns error information 
for the various functions it performs. 
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FORTRAN Run-Time I/O Routines (FRIOR) 

These routines provide for data transfer, device 
implementation, and the processing of FOR- 
TRAN format statements; since these routines 
require the services of the File Manager, they are 
used only with programs that are executed in an 
online environment. These routines provide for 
the reading and writing of formatted and unfor- 
matted records and they contain data conversion 
routines to edit integer, real, logical, character, 
and Hollerith data for formatted input and 
output. The FRIOR produce diagnostic messages 
to inform the user of inappropriate or incon- 
sistent commands. 


Device Drivers 

These device-specific software components per- 
form all data transfers between system and 
application programs and their respective devices. 
There are drivers for all Honeywell-supplied input 
and output devices operating in online environ- 
ments. 

The drivers are linked with the Executive 
modules and receive requests for service from the 
Task Manager. Online device drivers run at the 
priority level of the requested device. 


Line and Serial Printer Driver 
This component drives both line and serial 
printers. Its functions are: 


@ Initiating output on individual printers. 
@ Reporting errors and status information. 
@ Timing to detect a device failure. 

@ Replacing tab characters with spaces. 


Card Reader Driver 
This component drives card readers. Its func- 
tions are: 


Initiating input on individual devices. 
Suspending itself to wait for interrupt from 
device. 

Checking device status. 

Timing to detect a device failure. 

Reporting device errors and status. 


Diskette Drivers 

This component manages data transfers to and 
from diskettes. The driver is interrupt driven and 
requires the Task Manager. The driver must be 
permanently resident; it does not verify the 
volume identification so you must ensure the 
correct volume is mounted. Diskette driver func- 
tions perform the following: 
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@ Manage all standard data transfers. 
@ Provide callable functions for reading and 
writing data. 


The driver performs neither diagnostic read/ 
write nor write-deleted-data functions; all format- 
ting must be done offline, using the utilities. 


Console (KSR/ASR) Drivers 

Teletype device drivers that manage data trans- 
fer exist as separate, device-specific modules. You 
link the particular module(s) for the device to be 
used. 

The driver for the KSR device provides key- 
board and printer functions. The driver for the 
automatic-send-receive (ASR) device consists of 
the KSR driver linked to modules that provide 
paper tape read and punch functions. 


The online drivers (KSR and ASR) respond to 
requests from the Task Manager and run at the 
priority level assigned to the device. 

Briefly, the functions of the teletype drivers 
are to: 


@ Initiate I/O on individual functional units. 

© Report errors and status information. 

@ Detect device failure/inactivity during input. 

© Report use of Break key to operator inter- 
face or user-supplied routine (online). 


In addition, the ASR drivers provide these 
functions: 


e “Escape” special control characters for 
paper tape. 

@ Perform checksum calculation and verifica- 
tion for paper tape. 

@ Provide format and format checking for 
paper tape. 

e@ Support paper tape punch in automatic 
mode. 


Other Software 


Configuration Load Manager 

This component builds and initializes the on- 
line system and starts execution. The Configura- 
tion Load Manager (CLM) uses information 
supplied to it to define system characteristics and 
build some of the data structures that the 
Executive software uses to control the processing 
of tasks. 

CLM accepts commands that set up data 
structures for the Task Manager, devices, trap 
handling, as well as the clock variables and a list 
of load modules to be included in the complete 
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system. The CLM performs in two phases: the 
configuration phase and the loading phase. During 
configuration, CLM creates the system data struc- 
tures and stores them in main memory; the load 
list is created for use in the next phase. 

During the loading phase, the various Executive 
and application modules are brought into mem- 
ory. Each module contains permanently resident 
code and some temporary code for initialization 
of the module. The temporary code is overlaid by 
the permanent code of the next loaded module. 

During this phase, defined symbols are added 
to the symbol table and references are resolved. 
Once a load module is in memory, control is 
transferred to its initialization code; whatever 
initialization is required by the module is per- 
formed. Control is then given back to the Loader 
to begin loading of the next module. This process 
continues until all modules are loaded, at which 
time, control is given to the highest priority 
Executive module and execution begins. See 
Figure 7-6 for memory layouts during the two 
phases. 


Loaders 

Loaders are device-specific software compo- 
nents that load executable modules into memory 
from their respective devices and turn control 
over to the module. Loaders are available for 
bringing modules into memory from diskette as 
well as paper tape. 


Diskette Loader 

The Diskette Loader resides on the system load 
module diskette. It is brought into memory by a 
firmware bootstrap routine that causes the loader 
to read into memory and turns control over to 
the loader itself. The Diskette Loader includes 
four routines: loader initialization, Command 
Processor calling sequence, main loader, and 
miniloader. 

At the entry point of the loader initialization 
routine, control is returned to the loader by the 
bootstrap routine. When the loader initialization 
routine finishes processing, the area it has occu- 
pied becomes available for use as the loader 
buffer area. The functions of the loader initializa- 
tion routine are to: 

@ Save the address for the 

miniloader. 

@ Store the HALT address in the loader 
communication area. 

@ Set values for the diskette loader and the 
processor type in the loader indicator word. 

® Load the trap handling routine that initial- 
izes the hardware dedicated locations. 


bootstrap 


SOFTWARE 


HIGH MEMORY 


LOADER 
LOADER 
EXTENSIONS 

SYMBOL 
TABLE 
i 


Y 


LOADER 
LOADER 
EXTENSIONS 


CONFIGURATOR 


h 


| SYSTEM DATA 


STRUCTURES 


| 
SYSTEM DATA 
STRUCTURES 


DEDICATED 
LOCATIONS 


DEDICATED 
LOCATIONS 


LOW MEMORY 
CONFIGURATION 


LOADING 


Figure 7-6. Memory Layouts During Operation of CLM 


@ Transfer control to the Command Processor 
calling sequence. 


The Command Processor calling sequence 
primes the load parameters in the loader com- 
munication area to load the Command Processor. 
Its functions are to: 


@ Initialize the relocation factor to zero. 

@ [nitialize the program loading channel to the 
bootstrap channel. 

Set the file and member names for the 
Command Processor. 

@ Transfer control to the main loader. 


The main loader routine searches for and loads 
the requested member. It reads the member, a 
sector at a time; analyzes the item type of the 
sector; and relocates and distributes the code. The 
main loader also resolves backpatch chains and 
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relocates global addresses depending on the item 
type. When the loader finishes processing, it turns 
control over to the designated entry point of the 
loaded module. 

The miniloader routine, which at some times 
during processing may be the only resident part 
of the loader, is the basis of the software 
bootstrap routine. The miniloader contains: 


@ A basic diskette I/O routine. 

@® Loader communication area (displacement 
of loader entry points, Attach Table refer- 
ence point from high memory, loader param- 
eters, and halt addresses). 


The miniloader reloads the boot loader at the 
bootstrap address, which in turn loads the disk- 
ette loader. 


Paper Tape Loader 

The paper tape loader resides on paper tape 
and is brought into memory by a firmware 
bootstrap routine that causes the loader to be 
read into memory and turns control over to the 
loader itself. The paper tape loader consists of 
two routines: the loader initialization routine and 
the main loader. 

The loader initialization routine is entered 
from the bootstrap routine. After it has executed, 
the area the initialization routine has occupied is 
available as a buffer area for the main loader. The 
loader initialization routine has these functions: 


® Save the bootstrap channel number. 

@ Store the halt address for conditions requi- 
ring operator intervention. 

@ Load the trap handler module that initializes 
the dedicated hardware locations. 

e Branch to the entry point of the main loader 
when all functions are complete. 


The main loader routine loads the requested 
load module from paper tape into memory. The 
main loader read the load text, a block at a time; 
analyzes the item type; distributes the code; 
relocates addresses; and resolves backpatch 
chains. When the loading is completed, the main 
loader turns control over to the loaded program. 


FORTRAN Mathematical Routines 

Level 6 software includes a large set of 
FORTRAN mathematical routines. These intrin- 
sic functions are available in object module 
format so they can be linked on an as-needed 
basis to perform a variety of calculations on 
behalf of a FORTRAN program. Some of the 
calculations performed by these routines are: 
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Converting to and from integer and real 

values, 

Truncating. 

Determining nearest whole number. 

Transferring a sign. 

Choosing the largest value, the smallest 

value. 

@ Finding the length of an entity, the square 
root, the natural logarithm, the common 
logarithm. 

® Computing selected plane and _ spherical 

trigonometric functions. 


See the GCOS/BES FORTRAN manual for details 
about these routines. 


Trap Handling 

A trap is a conditional jump made to a 
predefined location in response to some event 
that occurs during program execution. Unlike 
interrupts, which are responses to events that are 
either unrelated to, or at least asynchronous with, 
the currently executing program, trap conditions 
are caused by the executing program. Series 60 
(Level 6) hardware can be enabled to recognize 
and trap sixteen different conditions arising dur- 
ing program execution. The enabling is done by a 
trap handler module that is invoked by the 
initialization routines of either the diskette or 
paper tape loaders. 

The trap handler sets up trap vectors in 
dedicated locations in main memory, provides 
trap save areas, and interrupt save areas. 

Level 6 software supports two trap handling 
facilities. These are the trace trap handler and the 
FORTRAN floating point simulator. All other 
occurrences that result in a trap cause a halt in 
processing. 


Trace Trap Handler 

Briefly, the trace trap handler maintains a 
history of specific system parameters such as the 
program counter (P-register), the system status 
register (S-register), memory location contents, 
data and address registers, depending upon the 
contents of the register save mask, for each 
“break trap” instruction used in the program, 


FORTRAN Floating-Point Simulator 

The FORTRAN floating-point simulator allows 
the simulation of scientific instructions on 
machines that do not have the scientific option 
installed. (See Executive and Input/Output 
manual for trap handling details.) Users of the 
floating-point simulator who wish to use the 
hardware floating point in the future should 
recompile their programs under FORTRAN. 
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GCOS/BES2 


GCOS/BES2 includes all the capabilities of 
GCOS/BES1 with significant extensions in com- 
munications, executive functions, and program 
development tools. Among the new communica- 
tions capabilities are support of a BSC link to a 
host computer and an operator interface. Added 
executive functions include a disk-based system 
for loading/activating tasks resident on either 
diskette or cartridge disk. And the program 
development enhancements encompass extensions 
for both the Assembler and the FORTRAN 
Compiler and a macro preprocessor. There are 
still other capabilities in such areas as file manage- 
ment, utilities, job stream management and 
teleprinter/console display support. 


Program Development Job Stream 

The program development system can operate 
in either an interactive (single user) or a batch 
mode. Batch mode operation is a new feature 
added to BES2 that allows program development 
jobs to be predefined and stored in a file on 
cartridge disk, diskette, or cards. Then the Com- 
mand Processor executes the job by reading that 
file, thus eliminating operator intervention except 
where it is desired, or required, to mount 
volumes, etc. 


Macro Preprocessor 

The macro preprocessor is an offline program 
development component that operates in 8 KW of 
memory. It scans an assembly language source 
program for macro calls. Each macro call and its 
parameters are analyzed and replaced by assembly 
language source statements that are retrieved 
either from a definition in that source program or 
from a library file. The macro calls and their 
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expansion definitions (macro prototypes) are 
defined by the programmer. There can be up to 
35 parameters described for a macro call. Local 
and global macro variables are supported. In 
addition, you can nest macro calls within a macro 
prototype. 


FORTRAN Enhancements 

The FORTRAN Compiler provides a number 
of significant enhancements; most are related to 
FORTRAN ISA extensions for process control 
applications. For example, the ISA executive 
interface (CALL, START, TRNON, WAIT), ISA 
bit string manipulation (IOR, IAND, IEOR, NOT, 
ISHFT, IBTEST, IBSET, [BCLR), and the ISA 
date and time functions are now available. 


Executive 

A number of enhancements in the online 
execution area are included, specifically, tasks can 
now be disk-resident and initiated by either 
another task or a message from the console. The 
operator’s console can be attached through an 
MLCP. The task management capability is also 
extended with such features as simultaneous 
multitasking per priority level and more complex 
WAIT functionality. 


Communications 

Communications is supported at two different 
levels. At the logical I/O level, a programmer can 
treat a communications terminal as if it were a 
file (e.g., using OPEN, CLOSE, READ, WRITE). 
At the physical I/O level, more detailed control of 
the terminal and line is available. Teletype Model 
33 and 35 terminals are supported, along with 
Teletype-compatible CRTs. BSC (2780) is also 
supported (ASCII nontransparent and EBCDIC 
transparent modes). 
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SECTION 8 


SITE PREPARATION 
PLANNING 


INTRODUCTION 


This section provides Level 6 users with an 
overview site preparation planning that will help 
ensure a successful minicomputer installation. 
Requirements vary from user to user, depending 
on the way the Level 6 equipment is to be 
utilizied. Users with specialized configurations 
(e.g., message concentration or remote batch 
processing) or incorporating selected Level 6 
components into their own configured systems 
will find the planning arrangement of this section 
useful. 

So as to be useful to the maximum number of 
Level 6 users, this section has been made as 
comprehensive as possible. All Level 6 users 
should discuss site preparation with their 
Honeywell Markéting Representative, to deter- 
mine the type and amount of installation assis- 
tance that would be of the most benefit to them. 

Site preparation requirements begin with the 
configuration, followed by the layout, specifica- 
tions and facilities (see Appendix A) of a system 
and minicomputer room. 

Honeywell Marketing Representative or Field 
Engineering must be consulted if any character- 
istics of the site do not meet the requirements 
specified in this manual or to answer questions 
concerning content of this section. In some cases, 
unit and system requirements are subject to 
change, both in modification and design, as 
engineering improvements are implemented. This 
information will be distributed to you as it 
becomes available. 

Table 1-1 outlines the sequence of events in 
site preparation and planning. It describes the 
steps to be taken and the assistance Honeywell 
provides in carrying out the installation of a Level 
6 system. The same emphasis that is given to 
programming and system design should be placed 
on selective site preparation and installation 
procedures. In some cases, (during site prepara- 
tion) when a schedule changes, the sequence of 
events may vary. 
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TABLE 8-1 INSTALLATION CONTRACTED 
RESPONSIBILITIES 


What Honeywell Does to 


What You Do Help You Under Contract 


Decides upon space for your 
system to best utilize a 
recommended layout. 


Select site for your 
system 


Furnishes complete air 
conditioning and electrical 
specifications for system 
and associated peripherals. 

Honeywell carefully packs 
equipment for shipment to 
you by best shipping method 
to suit your particular 
requirements. 

Movers place all equipment in 
position according to your 
layout. 

Installs and connects all 
Honeywell interconnecting 
cables and, where applicable, 
connects the ac plugs. 

The system is thoroughly 
checked out and turned 
over to you. 


Prepare site 


Determine the time 
of shipment 

Alert Marketing 
Representative if 
delivery difficulties 
are anticipated, i.e., 
second floor 
delivery, small ele- 
vator, no receiving 
dock, etc, 

Accept Delivery 


NOTE: All equipment that is not manu- 
factured or supplied by Honeywell is 
customer’s responsibility unless sub- 
contracted to Honeywell in writing. 

CONFIGURATION 


The actual configuration of a Level 6 system 
depends on the users present requirements and 
expansion needs. Honeywell has built expansion 
capabilities into the Level 6 to provide for 
increased customer workloads without the need 
for additional mainframes. 


After you have established your overall system 
requirements you must select the compatible 
central processor modules, general options, semi- 
conductor, RAM miémories, and memory save, 
components and accessories, peripherals, 
expansion cabinets and power distribution units 
to meet your needs. Level 6 systems can be 
figured manually using the information in this 
document. 

A summary of features and options for Models 
6/34, 6/36 (5 slot Megabus Chassis) and 6/36 (10 
slot Megabus Chassis) is given in Table 8-2. 
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TABLE 8-2. CENTRAL PROCESSOR SUMMARY 


Model 6/34 | Model 6/36 
CPS. 9450 CPS 9460 


Description 


Central Processor 
e Megabus Chassis with Power Supply 
e Multiply/Divide Hardware Real Time Clock 


e ROM Bootstrap Loader for Keyboard Console, Diskette 


and Card Reader 


Model 6/34 Processor in 4 slot Megabus Chassis with basic control panel, 
memory controller with parity and an 8K word Memory-Pac. 


Three additional type CMM9001 8K Memofy Pacs can be added for a 


total of 32K maximum. 


Model 6/36 Processor in 5 slot Megabus Chassis with full control panel. 
Memory controller with 8K-word Memory-Pacs, Types CMC9001 and 


CMC9002 for up to 64K. 


Model 6/36 Processor in 10 slot Megabus Chassis with full control panel. 
Memory controller with 8K word Memory-Pacs, Types CMC9001 and 


CMC9002 for up to 64K. 
Multiple Device Controller (MDC9101) 


The following is a list of Level 6 equipment 


options, 


components, 


accessories, peripherals, 


communications devices, cabinets, and the power 
distribution unit. 


Central System 


CPS9450 
CPS9460 
CPS9461 
CMC9001 


CMC9002 


CMM9001 


CMM9002 


PS9002 


PS9001 


Model 6/34, 32K Memory 
Model 6/36, 64K Memory 
Model 6/36, 64K Memory (10 slot) 
First Memory Controller with Parity 
8K word Memory-Pac 

or 
First Memory Controller with EDAC 
8K word Memory-Pac 
Second Memory, with Parity, Up to 
three 8K word Memory-Pacs can be 
added. 
Second Memory with LEDAC. Up to 
three 8K word Memory-Pacs can be 
added. 
Memory Save and Auto restart, for 
up to 64K words, for Rack mount- 
able unit. 
Memory Save and Auto restart, for 
up to 64K words, for Table Top 
Model 


Central System General Options 


CPF9401 

CPF9402 
CAB9401 
CAB9402 


GIS9001 


Watchdog Timer 

Multiprocessor Option 

4 Slot Megabus Expansion chassis 
with Power Supply 

9 Slot Megabus Expansion chassis 
with Power Supply 

General Purpose DMA Controller 
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Model 6/36 
CPS 9461 


Included Included Included 
Included Included — 
Optional — — 
Included = 
Required — 

= Included 

— Required 

Required Required Required 


Central System Components and Accessories 


CPU9401 
CPU9402 


CPU9403 
CPU9404 


CPU9405 
CPU9406 
CPF 9403 


CPF 9404 
PSS9401 


CBL9101 
CBL9102 
CBL9103 
CBL9104 


CBL9105 
CBL9107 


CBL9108 
CBL9106 


Controller 


6/34 Processor Board 

6/34 Processor Board with Watchdog 
Timer 

6/36 Processor Board 

6/36 Processor Board with Watchdog 
Timer | 

6/36 Processor Board with Multi- 
processor Option 

6/36 Processor Board with Watchdog 
Timer and Multiprocessor Option 
6/34 Control Panel 

6/36 Control Panel 

Power Supply for 4 or 5 slot Mega- 
bus chassis (requires two power sup- 
plies for 9 or 10 slot chassis). 
ASR-33 Cable with connectors* 
KSR-33 Cable with connectors* 

CRT Console Cable with connectors* 
30 CPS Console Cable with con- 


nectors* 

Diskette Cable with connectors? 
Serial Printers Cable with con- 
nectors*® 

Line Printers Cable with connectors‘ 
Card Readers Cable with con- 


nectors@ 
Multiple Device Controller (MDC) 
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Console 

TTU9II101 
TTU9102 
DKU9101 
TWU9YIO1 


KCM9101 


Diskettes 
DIU9101 
DIU9102 
DIM9101 


ASR-33, Teleprinter Console? 
KSR-33 Teleprinter Console* 

CRT (TTY) Keyboard Console* 

30 CPS Keyboard Telewriter Console 
(KSR)4 

Device PAC for Keyboard Console 


Single Diskette, Rackmounted Unit? 
Dual Diskette, Rackmounted Unit” 
Device-Pac for Diskette 


Cartridge Disk 


CDU9101 Cartridge Disk (rackmountable) 2.5 
million bytes 

CDU9102 Cartridge Disk (rackmountable) 5.0 
million bytes 

CDU9103 Cartridge Disk (rackmountable) 5.0 
million bytes 

CDU9104 Cartridge Disk (rackmountable) 10.0 
million bytes 

Printers 

PRU9101 — Serial Printer, 60 LPM, 64 character 
set 

PRU9I102 ~— Serial Printer, 60 LPM, 96 character 
set 

PRF9101 Serial Printer Pedestal 

PRMQIOI1 Printer Device-Pac 

PRU9103 Line Printer, 240 LPM, 96 character 
set’? 

PRU9I104 Line Printer, 300 LPM, 64 character 
set™’ 

PRU9I105 Line Printer, 480 LPM, 96 character 
set® © 

PRU9106 Line Printer, 600 LPM, 64 character 
set®*® 

PRM 9101. Printer Device-Pac 

PRF9102 12 Channel VFU 

Card Equipment 

CRU9101 Punched Card Reader 300 CPMc4 

CRU9102 Punched and Marked Card Reader 
300 CPM?! 

CRU9103 Punched Reader®! 

CRU9104 Punched and Marked Card Reader? >f 

CRF9101 51-Column Card Option 

CRM9 101 Card Reader Device-Pac 

Communications 

MLC9101 Multiline Communications, Processor 


with Communications-Pacs for 8 
Asynchronous Lines up to 9.6 KB 
each 
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MLC9102 


DCM9103 
DCM9101 
DCM9102 
DCM9103 
DCM9104 


DCM9105 


Multiline Communications Processor 
with Communications-Pacs for 8 
Synchronous Lines Up to 10.8 KB 
each 

Multiline Communications 
sore? h.isi.k 
Communications-Pac, 2 Asynchron- 
ous Lines up to 9.6 KB each 
Communications-Pac, 1 Asynchron- 
ous Line up to 9.6 KB 
Communications-Pac, 2 Synchronous 
Lines up to 10.8 KB 
Communications-Pac, 1 Synchronous 
Line up to 10.8 KB 
Communications-Pac, ,1 Broadband 
Line up to 72 KB 


Proces- 


Cabinets and Power Distribution Unit (PDU) 


CAB9001 
CAB9002 
CAB9003 


CAB9004 


CAB9005 
CAB9006 
CAB9007 
CAB9008 
CAB9009 
CAB9010 
PSS9004 


Table Top Enclosure (CPS) 

Diskette Table Top Enclosure 

60” Rackmounted Unit with all 
Panels and Doors 

60” Rackmounted Unit without 
Panels and Doors 

Door — Upper Front 

Panel — CPS Front Cover 

Door — Lower Frton 

Panel — One Side (Two Required) 
Door — Rear 

Extension — Table Wing 

Power Distribution Unit (PDU) for 
Rack mountable Units by customer 


4KCM9101 Device-Pac is a prerequisite for Keyboard Console 
bDIM9101 Device-Pac is a prerequisite for Diskette 


“PRM9101 Device-Pac is a prerequisite for Serial and Line Printers 
4CRM9101 Device-Pac is a prerequisite for Card Readers 

© PRF9102 12 Channel VFU is a prerequisite for Line Printers 

f CRF9101 51-column Card Option 


8§DCM9101 Communications-Pac is a prerequisite for 2 Asynchron- 
ous Lines up to 9.6 KB each 


§CM9102 Communications-Pacis a prerequisite for 1 Asynchron- 
ous Line up to 9.6 KB 


1DCM9103 Communications-Pac, is a prerequisite for 2 Synch- 
ronous Line up, to 10.8 KB 


jpDCM9104 Communications-Pac, is a prerequisite for 1 Synch- 
ronous Line up to 10.8 KB 


kDCM9105 Communications-Pac, is a prerequisite for 1 Broad- 
band Line up to 72 KB 
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DEVICE LAYOUT DESCRIPTION 


Layout 
Level 6 offers the customer three unit config 
urations and an operators extension table: 


@ Rackmoutable Unit 

® Tabletop Unit 

@ Rackmounted Unit (by Honeywell) 
® Operators extension table 


Rackmountable units include the same physical 
devices as the basic rackmounted units, but are 
meant to be installed in a customer supplied 
(Rackmounted Electronics Terminal Manufac- 
turers Association) RETMA cabinet. The indi- 
vidual module devices are housed in several types 
of enclosures with heights of 13.4 cm (5-1/4”"), 
17.7 cm (7") and 25.4 cm (10-1/2”) with side- 
mounted fittings permitting it to slide into a 
standard 48.2 cm (19”) RETMA cabinet (see 
Figure 8-1). 


Figure 8-1. Typical RETMA Cabinet Application 
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The tabletop module devices in some cases 
contain the same physical, mechanical and elec- 
trical characteristics as the rackmountable module 
devices except that they are self contained with 
dress panels, tops, back and sides which can be 
placed on desks, tables or other flat surface 
support areas (see Figure 8-2). 


Figure 8-2. Typical Tabletop Models 
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Figure 8-2. (cont). Typical Tabletop Models 
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The rackmounted unit Type CAB9003/ 
CAB9004 (by Honeywell) is packed so as to be 
complete in everyway. All module devices are 
positioned and installed in their proper locations 
based on the standard heights of 8.8 cm (3-1/2"), 
13.4 cm (5-1/4"), 17.7 cm (7") and 25.4 cm (10- 
1/2"). The PDU (a 13.4 cm (5-1/4") height 
module is in position A and is predetermined 
cabinet slot. Also available are same-size, blank, 
front dress panels used for fronts until upgraded 
module devices are ordered (see Figure 803). 


AS22 


tL TANVd 


@ 1ANVd 


7—— (,0°0)— 
v 
t—+— (5°) — 
a 
t—+— (0°24) — 
fe) 
+ ($01) — 
a 


4 ,0°PL)— 


| 


fae 


4 
r—7—(,0°12)— 
3) 
——(,$'z)— 
H 
1 (,0'82)— 
Ps 
--—(,S°l€)— 
> 
—1—1,0°s¢)— 
2 
t—7—7 (,9°8€)— 
W 
(0%) — 
N 
t—(¢°Sp) — 
d 
tt (,0°6¢)— 
fe) 


tse 
4 


leu 


(NGd) 
NOILANSIYLSIC YAMOd 


| —wo e‘pp— 


—w90— 


— up gg— 


wn £Lb— 


—w9 9°92 — 


—wn ge — 


— wo eg — 


ui 179 — 


UD LLL 


— we 664 — 


— ws 6°88 — 


wun 1°16 — 


— wd 9’90L— 


—wo ¢°gL1— [_sthec | 
ae S3LLaysid 


Wd Pel — 


UD JEEL— 


UD OCrL— 


9¢/9 PUue pE/9 Sjapoy JOJ UTED] UETY 


UoHeINsYUO) WU squyunouryory peoidA]T, “¢-g andy 


(NGd) 
LINA NOILNSIYLSIG Y3MOd 


(13NVd NV19) 
ASIG 
390IuLYVO 


(ANd XNV14) 
duv9 OL NOISNWdX4 


LINN SAVS AYOWSW 


= (suis) & 


I 
| sallaysia | 


(NGd) 
AINA NOILNGIYLSIC YAMOd 


— 


(13NVd INV19) 
N3d0 


= (angoas} ©& 


(13NVd YNV14) 
NadO 


(13NVd XNV19) 
GYV9 01 NOISNWdx3 


qgyuvos (d5) 


——————a 
sa SIG | 


= (anooas) & 


S31LLSySIG 
— 


(14NVd ANV14) 
NadO 


(Na) 
LINN NOLLASIYLSIG Y3MOd 


—e 


(3NWd NV14) 
NadO 


(13NVd ANV14) 
QHV9 OL NOISNWdX4 


LINN JAVS AYOWSN 


S (isu) & 


l 
sallasia | 


(13NVd INV14) 
N3dO 


auvo S E)) 


YOSS390Yd TVHLN39 


(VANVd ANV19) 
N3d0 


(5°62) 


wo yl 


(,0°9€) 


WO 9 L6 


(,0°0S) 


wo ZZL 


(9°19) 


wd 1 '9St 


| TANVd 


he 


@ VANVd 


AS22 


8-7 


SITE PREPARATION PLANNING 


The rackmounted unit provides the customer a 
complete package buildup within the 152 cm 
(60") cabinet for versitility to grow not only in 
free-standing cabinets but to add floor-type add- 
on peripherals such as; consoles, teleprinters, 
printers, etc. 


The layout of the various assemblies such as; 
CPS, memory, PDU (standard position), diskettes, 
cartridge disks, terminals etc. are mounted in 


Open Blank Panel 


Single and Dual 
Diskettes 
DIU9101 and DIU9102 


Memory Save 
and Autorestart 
PSS9001 or PSS9002 


Central Processor 
CPS9450 
CPS9460 
CPS9461 


ae 


Fererery seeds 


ee 


Expansion Area 
for: 
ID Cards 


1st Cartridge 
Disk CDU9101 
through CDU9104 


Power Distribution 
Unit (PDU) 
PSS9004 


predetermined locations based on sensible and 
workable arrangements within the rackmounted 
unit. Some assemblies must be close to each other 
for speed reasons, whereas other assemblies must 
be located at various points along the Megabus 
because of timing restrictions. Operation assem- 
blies are located at certain heights for ease of 
operator use and some assemblies equally posi- 
tioned in other 152 cm (60”) cabinets (see Figure 
8-4 and Table 8-2). 


Control Panel 
CPF9403 


Figure 8-4. Standard Rack Assembly Locations 
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The operators extension table option Type 
CAB9010 is offered to the customer’s operator 
for several operational reasons. When additional 
work surface is a necessity and when configura- 
tion necessitates tabletop module devices such as: 
CRT console, serial printers. Diskettes, Cartridge 
Disk, and Card Readers be placed nearby for 
operators convenience. 

In addition the operators extension table 
allows not only tabletop placement of devices but 
also provides for freestanding peripherals to be 
close to left hand side of operator for monitoring. 


Summarized in Table 8-3 are the device module 
locations for the various type of unit configura- 
tions including operators extension table. 


Typical installation layouts and location for 
rackmountable units for Model 6/34 and 6/36 are 
presented in Figure 8-5, based on Table 8-2. For 
each model and the individual, freestanding 
device specifications see Table 8-6. The typical 
rackmountable unit configured plan location for 
Models 6/34 and 6/36, Figure 8-3, indicates the 
two panel levels, predetermined cabinet unit 
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heights, cabinet unit locations (both in metric and 
inches) and cabinet unit positions (A through R, 
without I and O alphas) for quick reference in 
locating device modules in small to large config- 
urations. Individual specifications (see Table 8-6) 
for each device will allow you to update selected 
system by adding to or deleting from the equip- 
ment complement as needed, thus requiring min- 
imal rework. Blank worsheets, and templates, 
metric conversions are provided at the end of this 
section. 

The symbols in the layouts that indicate the 
position and type of ac power connectors and 
receptacles are defined in Table 8-5. 

When calculating the floor area required for the 
equipment, plan for columns, power facilities, air 
conditioning equipment, and storage facilities not 
included in the layout. Always keep in mind the 
aesthetic appearance of the installation. In laying 
out a configuration, do not exceed the standard 
cable limitations given in Table 8-6. The required 
access to each minicomputer device for operators 
and/or maintenance engineers is indicated in the 
individual device specifications by a dashed line. 
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TABLE 8-3. TYPE AND UNIT CONFIGURATION LOCATIONS 


Type Number Rackmountable | Tabletop Extension Table Wing | Freestanding 


CPS9450 Model 6/34 
(5 slot chassis) N/A 
CPS9460 Model 6/36 
(5 slot chassis) N/A 
CPS9461 Model 6/36 
(10 slot chassis) N/A 
PSS9001/PSS9002 
Memory Save N/A 
PSS9004 Power 
Distribution Unit 
(PDU) N/A 
TTU9101 ASR-33 Yes 
TTU9102 KSR-33 Yes 
TWU9 101 Keyboard 
Typewriter N/A 
DKU9101 CRT © N/A 
DIU9101 Single 
Diskette N/A 
DIU9102 Double 
Diskettes 
Cartridge Disc 
CDU9101 through 
CDU9 104 N/A 
PRU9101 and 
PRU9 102 Serial Printer Yes 
(PRF9101 
Pedestal 
Required) 
PRU9103 through 
PRU9106 Line Printers Yes 
CRU9101 through 
CRU9103 Card Reader N/A 
MLC9101 and MLC9 102 
Multiline Comm. Proc. N/A 
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EXTENSION 
TABLE WING 
CAB7010 

(BY CUSTOMER) 


“77 * 


CENTRAL 
PROCESSOR 
CPS9450 
CPS9460 
CPS9461 
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(162%") 
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372.0 cm 
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Figure 8-5. Typical System Layout 
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Installation Specification for Level 6 System 
Model 6/24 or 6/36 


Hi O n eywel ; Central Processor Type 


Sheet | of 4 


—ELECTRICAL— 


GENERAL: 


A. Ac power will be supplied by the customer based on the requirements listed in these specifications. 
B. The electrical power source will be independent and isolated from all other loads. 

C. An allowance for expansion is recommended. (See Sheet 2 for specifications.) 
D 


All wiring must be installed in accordance with the National Electrical Code and other local ordinances. Costs for 
installing and/or modifying will be borne by the customer. 


E. The electrical ground source shall be free of ground loops. 


REQUIREMENTS: 


A. The customer will supply and install in the computer room all AC receptacles indicated in the system layout and in 
Table 8-6 for individual unit specifications. 


B. AC Power requirements for Level 6 Systems central processor cabinet and expansion cabinets (add-ons) (either of the 
following sources may be utilized): 


1. Input voltage should be from a 208 VAC RMS, 60 Hz, three-phase (one phase not used), 4-wire plus ground 
source with 24A at 208 VAC RMS, or 


2. 240 VAC RMA center-tapped (neutral 60 Hz, single-phased, 3-wire, plus ground source. If 240 is used, the 
Hubbell 25414 or 25403 (customer supplied) must be wired with the high lines (“‘hot” wires) connected to pins 
X & Y and the neutral center tap connected to pin W. 


3. Loading on the input lines will be from phase to neutral on two phases only. Maximum load current per phase 
will be 24A; there is no internal provision or procedure for balancing the load. The unused phase is truncated at 
the input connector. Cabinet containing central processor requires a drop; second cabinet (options) is slave to 
central processor cabinet. If third cabinet is required, another drop is used. Fourth cabinet, if required, is slaved 
to third. All cabinets requiring drops receive a “‘primary power contactor pick” voltage from central processor 
cabinet. No growth factor required. 


C. Listed below are the electrical specifications for the Level 6 System peripherals. 
|. Load — 12.42 KVA for peripherals only. 
2. Voltage — 120/208 + 10%, 3-Phase (only use two phases of the three phases). 
3. Frequency — 60 Hz + 1/2 Hz 


4. Phase and number of wires as indicated. 


NOTE: The equipment neutral wire must not be connected to building ground except at power source (transformer, 
or building service entrance). 


In the unusual cases wherein the power company does not regulate its power within the above tolerances and/or your 
facility imposes heavy loads on their substations, you are advised to furnish and install a voltage regulator. 


Interconnecting cables between units shall be protected from mechanical injury. Product line raceways can be 
purchased through your Honeywell sales representative if raised flooring is not used. Raceway specifications are 
available from your Honeywell site planning engineer. The cost of supplying and installing raceway will be borne by 
the customer. 


Figure 8-5. (Cont.) Installation Specifications and 
Equipment Calculation Format (Sheet 1) 
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Model 6/34 or 6/36 


Hi O m eywel i Central Processor Type 


Sheet 2 of 4 


—AIR CONDITIONING— 


GENERAL: 


The heat dissipation figures listed on Sheet 2 for each unit do not include the heat gain from other sources: namely, 
lighting, people, building transmission, and fresh air loads. The total, however, allows for a 30% growth in equipment 
and should be considered when figuring the size of the air-conditioning system. 


Check NFPA-75 for fire protection information. 


Costs for installing and/or modifying air-conditioning will be borne by the customer. 


REQUIREMENTS: 


A. Listed below are the air-conditioning specifications. 
1. Cooling required for equipment only 3.385 kcal/hr or 3.933 watts (13435 Btu/hr or 1.1 tons). 
Temperature measured at input air of minisystem units — 23°C + 3°C (73°F + 5°F). 


2: 
3. Relative humidity — 40 to 60%. 
4 


Filtration — Normal, unless environment is subjected to corrosive gases, salt air, or other unusual conditions, in 
which case special filtering will be required. If mechanical filters are used, their efficiency rating shall not be less 
than 20%. 


It is strongly recommended that the computer room air-conditioning system be a separate system because 
computer rooms require year-round cooling. (Window-type air-conditioning units are not recommended.) 


REFERENCES: 


For additional information and recommendations concerning the above subjects, as well as acoustical ceilings, fire control, 
cables, etc., contact your local Sales Representative or Field Engineer. 


Figure 8-5. (Cont.) Installation Specifications and 
Equipment Calculation Format (Sheet 2) 
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Device 
1 


Central Processor 
System: 

Cabinet #1 

CP - 64K 


1 Extension-Table 
Wing 


1 Control Panel 


1 Memory Save 
and Artorestart 


2 Double Diskette 


1 Cartridge Disk 
Unit 


ASR33 
Telety pewriter 
Serial Printer 
Serial Printer 
Pedestal 


Card Reader 


30% Growth Factor 


INITIAL CONFIGURATION — (Metric Measurements) 


Marketing 
Identifier | (kVA) 
ies 


Heat Gain 
(kceal/hr or 
watts) 


Receptacles 
(Symbol/type) 


CPS9460 Elec- 30 @® A 2016 
trical 
2343 
CAB9003 | Notes: Control 
A&B Panel 
8.64 Overhang 


XXx/92.2/xxx 


CAB9010 


within above cabinet 


PSS9110 


within above cabinet 


DIU9102 
CDU9101 


within above cabinet 


within above cabinet 


TTU9101 55.8/46.9/66.0 


PRU9101 71.1/55.8/34.2 


71.1/55.8/66 


PRF9101 


49.5/38.1/34.2 


CRV9101 


Total 


Figure 8-5. (Cont.) Installation Specifications and 
Equipment Calculation Format (Sheet 3) 
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INITIAL CONFIGURATION — (Metric Measurements) 


Electrical Power Heat Gain : Dimensions 
Marketing (Symbol/type) watts) (kg) 
Qty. Identifier (kVA) (cm) 


CPS9460 | Elec- @) A | (8000) 500 | 20%4/30/61% 


Central Processor 


System: trical Control Panel 
Notes: Overhang 
Cabinet #1 CAB9003 | A&B xxx/36%4/xxx 
CP - 64K 8.64 


Extension-Table 
Wing 


CAB9010 - 66 24/30/30 


| tomos) 
within above cabinet 
within above cabinet 
within above cabinet 
within above cabinet 


Control Panel 


Memory Save PSS9110 


and Autorestart 
Double Diskette 
Cartridge Disk 


DIU9102 
CDU9101 


Unit 

ASR33 Teleprinter | TTU9101 : (375) 56 22/18%4/26 

Serial Printer PRU9101 ; (1350) 120 | 28/22/13% 

Serial Printer PRF9101 | =y 28/22/26 
Pedestal 


Card Reader CRV9101 : 35 1914/15/13% 


; 10335 82.9 
Total 
2.86 3100 24.8 
30% Growth Factor 


re TS LL 


12.42 13435 10.87 
GRAND TOTAL 


Figure 8-5. (Cont.) Installation Specifications and 
Equipment Calculation Format (Sheet 4) 
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SPECIFICATIONS 


The location of the minicomputer facility 
should be selected with regard not only for the 
decor space, clearance, operation of the mini- 
computer and its peripherals, but also for air 
conditioning, and electrical power. These consid- 
erations apply equally to new and old buildings. 


Decor 

Choice of materials and finishes used in the 
interior design of the area must take into account 
the structural and maintenance considerations 
listed under site facilities at the end of this 
section. Paint for example, should not chalk, 
powder, or flake, to avoid unwanted dust. 

The finish of the Honeywell equipment is 
durable, attractive, and easy to maintain. The 
devices are black and white with colored accent 
panels. Standard accent color is blue; red and 
yellow panels are available for an extra charge 
with a Request for Price Quotation (RPQ) from 
the Marketing Sales Representative. Table 8-4 lists 
standard and optional equipment colors. 


Space Requirements 

The floor area required is determined by the 
system’s complement of equipment. Also, the 
system’s floor space depends upon the shape of 
room, the number and locations of permanent 
walls, partitions, entrances and exits. 

Storage facilities for media and other items 
necessary for system operation should be 
designed to minimize both the amount of area 
necessary and travel time between areas. 

Consider the possibility of later expansion 
when you are selecting an area. 


Clearance 

Specific considerations involved in designing an 
efficient processing center vary from installation 
to installation. Five major considerations for 
space and specifications, however, apply: 

e Do not underestimate growth potential. The 
trend is toward additional minicomputer 
uses, and this means additional equipment 
and, in turn, additional space. 

Make sure that the equipment is situated 
where Honeywell recommends (see page 
8-11A) for the best operation and comfort. 
Deviations from the recommended environ- 
mental specifications (included in _ this 
section) can cause serious problems in the 
operation and maintenance of equipment. 
Power isolation and regulation are necessities 
particularly since growth in the amount of 
power may be required. 

Space for expansion must be allotted for at 
least one expansion cabinet. 


Operation and Peripherals 


Honeywell has determined the optimum mini- 
system arrangement of equipment at a site, based 
on efficient operation. Specific criteria include: 


e The console is the center of operations. The 
operator while sitting at the console can 
swing left, right, or back and be able to 
easily access equipment from all the usual 
working locations. 

Aisles to and from system at least 92 cm 
(36") wide allow access to all peripherals, 


TABLE 8-4. EQUIPMENT COLORS 


Manufacturers 


port Chip Number 


Gothic Black 
Executive White 


Nevamar LH-6-1 (L) 
Formica White 949 


Black Laminate 
White Laminate 
Caribbean Blue 


Hunter Red 


Aztec Yellow 
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Honeywell Standard 
Chip Number 


Honeywell Standard 
and 
Optional Accent Colors 


Spatter 
Smooth 


Spatter 


Standard Colors 


Smooth 
Leather 
Smooth 


Spatter 
Smooth 


Spatter 
Smooth 


Optional Accent Colors 


Spatter 
Smooth 
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media supplies, and any maintenance equip- 
ment that must fit through the aisles. 

e The freestanding peripherals should be 
arranged according to the frequency of 
Operator access. 

e The displays of module devices, freestanding 
cabinets, and addon peripherals should be 
visable from the console. 


After evaluating the possible areas, you should 
prepare 1:50 cm (1/4” to 1’) equipment layouts 
for areas under consideration. Use the scaled 
template in this section (page 8-30) for this 
purpose. Page 8-11 indicates a maximum system 
layout accompanied by complete specifications 
(Table 8-6) and followed by a photograph to be 
used as an overall guide. 

The site layout should show: 


e Entries and exits from truck off loading 
point 

Adjacent corridors, ramps, and staircases 
Building columns and internal windows. 

Site storage and media storage areas 

Any under-floor or above-floor obstructions 
that affect installation or routing of inter- 
connecting cables. 

Raceways at walkways (when used) 

Ac ground 

Ac load centers 

System ground point 

Communication terminals (if used) 


The final layout must be approved by you, by 
the Marketing Representative and by Field 
Engineering. 


Air Conditioning 

Minicomputer equipment, like any other equip- 
ment that consumes electrical energy, produces 
heat. As a result, air conditioning is an important 
requirement in site planning. This is not just for 
personnel comfort; the equipment and system 
media can tolerate conditions only within certain 
limits. Temperature regulation, humidity control, 
and air filtration are all essential factors for the 
system. The central processor, rackmountable 
devices, and freestanding peripherals are inter- 
nally cooled by blowers that circulate room air 
through louvers in the cabinetry. 


Air intake and exhaust varies slightly from one 
device to another. In general, cool air is trans- 
ferred through louvers from front to rear, side to 
side, along the bottom edge (in some units) and 
lower cabinet section where cables enter the 
devices. For proper regulation of the environment 
of the computer room, air conditioning is 
required. 
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The air conditioning system for the installation 
should be completely separate and completely 
automatic, regulating conditions measured at the 
equipment air intake within the following range: 


System Air Conditioning Requirements 


Operating Storage 
Conditions Conditions 
Temperature 20°C-26°C (68°F-78°F) 5°C-45°C (40°F-110°F 
(dry bulb) 
Relative 40%-60% 10%-80% 
Humidity (No Condensation) 


The lower limit for relative humidity depends 
on the characteristics of the cards disk pack, and 
paper to be used and on personnel comfort. The 
upper limit is subject to the condition that no 
condensation form on the equipment. 

To maintain operating conditions within these 
limits, Honeywell recommends design conditions 
of: 


Temperature 23°C (73°F) +6°C (+10°F) 
(dry bulb) 

Relative 50% 

Humidity 


The individual air conditioning specification 
for the CPS9450, CPS9460, and CPS9461 Central 
Processor and its associated attached memory 
when used within a RETMA cabinet, separate 
rack, or an enclosure (by customer) is as follows: 


Central Processor And Memory Air 
Conditioning Requirements 


Operating Storage and 
Conditions Shipping Conditions 
Temperature 0°C-50°C (32°F-122°F) 5°C-45°C (23°F-113°F) 
Relative 5%-95% 95% 
Humidity (No Condensation) 


This specification requirement serves for a 
standalone environment only for central pro- 
cessor and memory during its operation, storage, 
and shipping. 

Three additional factors to consider are dis- 
cussed below: 


1. Humidity control will improve the perfor- 
mance of paper-handling devices (card 
readers, etc.) and avoid condensation and 
moisture. (The walls of the computer room 
should be adequately vapor sealed to reduce 
moisture problems.) 


2. Filtration is essential to all areas to ensure 
clean air for the continuous and reliable 
operation of card readers, printers, and disk 
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devices. There are many sources of dirt, both 
from outside (clothes, shoes, dandruff, as 
well as the air supply) and within the room 
(magnetic oxide and paper dust produced by 
handling these materials on the system 
itself). However, provided the precautions 
are taken, the recommended standard of 
filtration, operating on the major source of 
dirt, has been found to ensure the satisfact- 
ory operation of card readers, printers and 
disk devices, and other sensitive devices, in 
association with the standard routine for 
cleaning these devices individually. It is 
relatively simple to filter the air to a good 
standard — a standard admittedly higher 
than the ultimate cleanliness of the room is 
likely to reflect — but it is not considered 
economic to go to extreme lengths in 
attempting to control the controllable sources 
of dirt when several uncontrollable sources 
still exist. 

3. Air distribution, the means of delivering air 
to the computer room, should be flexible in 
design and not tied too closely to the 
proposed arrangement of the computer. In 
this way later changes can be effected 
without disruption of computer operation. 
Flexibility can be achieved with dampers 
and louvers to control the quantity and 
direction of air flow, or by use of a 
ventilated ceiling with certain panels masked 
off. In essence, the aim should be to 
condition the room and not the minicom- 
puter. 


Distribution of air to any other conditioned 
areas can be quite conventional, but the supply of 
air from the main air conditioner will need 
reheating if used directly. 

After the system is installed and operating, the 
air supply dampers must be adjusted to balance 
the temperature throughout the area. Take care 
to locate and eliminate hot spots. It is suggested 
that an independent firm specializing in air 
balancing be employed to balance the computer 
room and provide certified test results to Honey- 
well Field Engineering. 

In large facilities containing more than two 
systems, different design-point temperatures may 
exist in remote points of the room. This causes no 
problem as long as the temperature does not 
change more than +3°C (+5°) at any one measure- 
ment point. 


In determining the air conditioning require- 
ments of your installation, consider: 
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1. The types of equipment that will be dissi- 
pating heat in the confined space. The 
central system and peripheral devices are 
cooled by air circulating fans that pull room 
air into the cabinet and exhaust the warmed 
air, usually out through the top or sides. 

2.The heat gain and air conditioning loss 
through walls, ceilings, windows, doors, par- 
titions, and lighting. 


To find the number of tons of air conditioning 
required when kcal/hr (or Btu/hr) is known, use 
the formula: 


kcal Btu/hr 


1000 12,000 = tons of air 


conditioning 


Continuous monitoring of the site’s tempera- 
ture and humidity is recommended as a way to 
save downtime. Recording instruments will indi- 
cate, for example, the extent and duration of any 


undesirable environmental conditions. The 
recorder used should satisfy the following 
criteria: 


e The means of delivering air to the minicom- 
puter area should not be tied too closely to 
the proposed layout of the equipment, in 
case of changes later. Flexibility can be 
achieved by using dampers and louvers to 
control the quantity and direction of air 
flow or by using a ventilated ceiling with 
certain panels masked off. 

e Distribution of air to any other conditioned 
areas can be conventional, but the supply of 
air from the main air conditioner will need 
reheating if used directly. Small areas such as 
equipment and media storage areas can be 
conditioned by spillover air from the com- 
puter room, entering through suitable grilles 
or a doorway and then extracted back to the 
main air conditioners. 


Air filtration is an essential adjunct to the 
regular cleaning regime to help ensure continuous 
and reliable operation of Level 6 systems. 

To make the filtration system effective, seal all 
windows and control smoking in the area. In 
addition, provide for outdoor clothing to be 
removed and stored outside the area. Exert 
control on the supplier of continuous paper to 
leave only a minimum amount of loose paper dust 
adhering to the pack. The paper itself should not 
lose filler readily when it is handled. 
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Types of Systems 

Whether you choose an overhead room air 
supply, an underfloor plenum supply, a combina- 
tion system, or a freestanding air conditioner, you 
should use an experienced air conditioning engi- 
neer or consulting firm before designing the 
conditioning system. These specialists can assess 
the requirements for your installation. Window 
air conditioning units are not recommended 
because they are designed mainly for summer, not 
year-round cooling. A brief description of each 
type of system follows. 


e Overhead Supply — Overhead ducts and dif- 
fusers supply cooled air, which is returned to 
the unit by means of the cooling plenum. 
Return registers are located above the 
devices. Careful attention must be given to 
the placement and design of the registers to 
achieve proper air balance within the room. 
Underfloor Supply — The area between the 
main floor and the raised floor can be used 
as a supply plenum. Cool air enters the 
computer area through floor registers and 
the raised floor cutouts (device cable entry). 
Warm air is returned through air grilles in the 
ceiling. 

Combination Supply — The area beneath the 
raised floor and the area above the sus- 
pended ceiling both supply cool air and 
return warm air. 

Freestanding — Freestanding air conditioners 
can be used for small and medium installa- 
tions, provided the design can be adapted to 
the site. The underfloor plenum shown in 
Figure 8-6 is optional. 


SUPPLY AIR 


x 


SUSPENDED 
CEILING 


COMPUTER UNIT 
RAISED FLOOR 


ey MA as \\\\ 


OPTIONAL PLENUM 


Electrical Power 

You must furnish and install primary power for 
the system in accordance with the system specifi- 
cations in Figure 8-7. It is also your responsibility 
to furnish and install the electrical equipment for 
the installation, including fittings, distribution 
panel, the raised floor device cutouts (if 
required), and transformer and voltage regulator 
(if required). Future expansion should always be 
considered, as provision for extra power facilities 
saves added installation costs later. 

Many of the problems associated with com- 
puter operations originate in the primary ac 
power system. Disturbances such as electrical 
noise, power interruptions, and lightning must be 
factored into the plans for the power system for 
the user to have reasonable assurance that the 
computer system will perform satisfactorily and 
continue to operate. Close coordination with the 
electrical utility representative can lead to correc- 
tion of potential problems originating in the 
utility system supplying power to the building. 
Many of the services and disturbances that can 
seriously affect an operation, however, are gener- 
ated within the building itself. Your plant engi- 
neer, the electrical utility engineer, together must 
identify these disturbances and take steps to 
prevent possible adverse effects on the operation 
of the minisystem. 


Power Source 

The power source must have sufficient capacity 
to handle present computer loads and any loads 
likely to be imposed by future expansion of the 
system. The source must be independent of all 
other loads. That is, it must not provide power 


AIR 
CONDITIONER 


WANG 


Figure 8-6. Freestanding Air Conditioning System 
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-t-- NEUTRAL (WHITE) 
— (GREEN) 


BUILDING MANUALLY 
SERVICE 


ENTRANCE 


ISOLATED 
TRANSFORMER 
DELTA-WYE 
OUTPUT 

POLE MOUNTED 


MAIN 
POWER 
TRANS 
FORMER 


MANUALLY 
OPERATED 
MAIN LINE 
CIRCUIT 
REAKERS 


NN 
SERVICE 
ENTRANCE 
GROUND 
(NEUTRAL) 


PRIMARY N 
ARRESTORS Z = (EQUIPMENT GROUND) 


SECONDARY 
ARRESTORS 


NOTE: ABC Allowable power sources to PDUs 


@A (BLACK) 

08 (REO) 

@C (BLUE) TO OTHER BUILDING 
BRANCH POWER PANELS 


GREEN 


B. From “‘Y” Connected Three-Phase Transformer 

TO 
‘EQUIPMENT 
RECEPTACLES 


COMPUTER 


DISTRIBUTION 
POWER PANEL IN 
COMPUTER ROOM 


QA (BLACK) 
@B (RED) 


N (WHITE) 


[I @C (BLUE) 
NOT USED 
G (GREEN) 


NEUTRAL BUS BAR 
(ISOLATED) FROM 

PANEL FRAME 

C. Equipment Ground Bus Bar 

(Bonded to Panel) Cc 


Figure 8-7. Schematic Showing Wye-Connection, Voltage, and Receptacle Relationship 


for airconditioning equipment, convenience out- 
lets, lighting, or office equipment. A separate 
building service entrance (or a main building 
service panel) input feeder connected to the 
computer distribution panel usually provides suit- 
able power (see Figure 8-7). 


To obtain isolation, a separate transformer and 
service drop is required to provide power to the 
computer system. The transformer must be ade- 
quate to handle the present load plus any future 
expansion. Many large buildings have multiple 
power systems with numerous service entrances 
supplied from the same transformer. An isolation 
transformer must be used to reduce noise and 
transient interference if you intend to connect to 
the available power. 


The power that serves the system must meet 
the following requirements: 


e The line voltage should rot have voltage 
transients greater than +6% or -14% from 
the nominal line to neutral of 120 volts. 
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e The line voltage should have total harmonic 
content of less than 6% of the power in the 
fundamental frequency. 

e The line voltage must not have neutral 
grounded at any point in the entire power 
system supplying the computer except at 
the building service entrance or at isolation 
transformer when applicapable. 

e The power source must be 120/208 volts, 
three-phase +10% of the rated voltage, with 
a frequency tolerance of 60 Hz +1/2 Hz and 
with a harmonic content within acceptable 
limits. 

AC Power Sources for Types CPS9450, CPS9460 
and CPS8461 Systems 

Each cabinet contains a power distribution unit 

(PDU) (see page 8-10A) located at the bottom 
front of the cabinet when Central Processor (CP), 
Control Panel, Memory Save, and second Console 
ASR is figured in system complement. Each PDU 
requires its own connection to the primary power 
source (ac mains). A 6-foot power cable is 
attached to the rear of each PDU. 
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TABLE 8-5. RECEPTACLE SPECIFICATIONS 


Phase 
Type Symbols Amps Volts and Mfg. 
Wires 
A (A) 30 600 39-5W Hubbell or 
Arrow & Hart 


F (F) 15 125. 19-3W Hubbell 
(By customer) @) 15 125 19-3W Hubbell 


id Receptacle Connector 
~ d Unit Plug No. by Or by 
Std. Customer Customer 
25415 25403 25414 
5266C 5202 5269 


(By customer) (By customer) (By customer) 


NOTE 


The receptacle specifications are for your convenience. Refer to the manufacturer’s catalog for complete compatibility as to 
exact equivalent. Honeywell assumes no responsibility for differences between manufacturers’ receptacles. 


The system is arranged so that energizing the 
power switch on the central processor drawer 
causes all outlets throughout the system to be 
energized, provided that the circuit breaker on 
each PDU is “‘on.”’ 


NOTE: De-energizing the circuit breaker in 
any cabinet removes power in that 
cabinet and all subsequent cabinets. 


The permissible primary power to the Type 
CAB9003 system cabinet sources are as follows 
(permissible power sources for free-standing 
peripheral devices are described in Table 8-5.) 


AC power requirements — either of the follow- 
ing sources may be utilized: 


1. Input voltage should be from a 120/208 
VAC RMS, 60 Hz, 3 phase, 4-wire, plus 
ground source with 24A at 208 VAC RMS, 
or 

2.240 VAC RMS center-tapped (neutral) 60 
Hz, single-phase, 3-wire, plus ground source. 
If 240 is used, the Hubbell 25414 or 25403 
(customer supplied) must be wired with the 
high lines connected to pins X & Y and the 
neutral center tap connected to pin W. 


3. Loading on the input lines will be from 
phase to neutral on two phases only. Maxi- 
mum load current per phase will be 24A; 
there is no internal provision or procedure 
for balancing the load. The unused phase is 
truncated at the input connector. The cabi- 
net containing the central processor requires 
a drop; the second cabinet (options) is slave 
to the central processor cabinet. If a third 
cabinet is required, another drop is used. 
The fourth cabinet, if required, is slaved to 
the third. All cabinets requiring drops 
receive a “primary power contactor pick” 
voltage from the central processor cabinet. 


The voltage shall be firm, varying by not more 
than +10% of the rated amount, including tran- 
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sient and steady state. Where power is not 
regulated this closely, you are advised to furnish 
and install a voltage regulator. 

Your Honeywell Marketing Representative or 
Field. Engineer will answer your questions, but for 
redesign or highly technical problems, you should 
contact your electrical contractor or consulting 
engineering firm. 


Power Distribution 

If the electric power at the installation site is 
not of the required voltage, one or more trans- 
formers must be purchased and installed. A 
three-phase transformer or a bank of three single- 
phase transformers of identical rating and charac- 
teristics can be used. The capacity required 
depends upon the equipment complement and 
what is specified in the calculated installation 
specification. 

The total system requires a power load balance 
calculation only when single-phase devices are 
included in the equipment. It is your responsibil- 
ity to ensure that the phase loads are balanced 
(i.c., that the amperage is distributed evenly 
among the three phases of the system’s power 
source). Load balancing prevents a large load 
from occurring on one phase of the transformer. 

In a three-phase, wye-connected system with a 
grounded neutral, the phase imbalance currents 
flow in the neutral wire. This reduces the power 
system’s efficiency, increasing power consump- 
tion and operating costs. High neutral ground 
currents can also generate noise levels that may be 
reflected back into the computer system. To 
avoid these problems, attention must be given to 
balancing the computer load throughout the 
system. 

The feeder supplying power to the computer 
system should be protected by a mainline circuit 
breaker. The computer’s distribution power panel 
should be located in an unobstructed, well-lighted 
area in the computer room. 
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Convenience Outlets 

Auxiliary power, 1|20-volt, single-phase, 60-Hz 
wall outlets must be present in the computer area 
for the service engineers scopes, test equipment 
etc., vacuum cleaner, floor buffer, etc. Recom- 
mended circuit capacities are 15-20 amperes; 
individual outlet capacities are 15 amperes. The 
number and location of these outlets should be 
indicated on your approved system layout draw- 
ing. All convenience outlets in the computer 
room should be on a feeder separate from the 
computer system to prevent electrical noise 
interference. 


Grounding 

When providing the female receptacle or con- 
nectors for three-phase and single-phase devices, 
furnish and install a separate ground wire. Con- 
duit, raceway, or other enclosures cannot be used 
for this purpose. For three-phase power, the fifth 
wire is to be used as the equipment ground; for 
single phase, the third wire. In both cases, the 
ground shall be connected to the metallic raceway 
system and/or the control panel, in accordance 
with the National Electrical Code (NFPA) No. 
70).4 The equipment ground shall not be con- 
nected to the neutral wire except at the building’s 
main electrical service entrance. The ground wire, 
when installed in armor, cable sheath, conduit 
raceway, ladder tray, or other enclosure, should 
be sized according to the amperage specified in 
Table 250-95 of the National Electrical Code.* In 
no case shall it be smaller than number 
12AWG. 


WARNING 


A five-wire connection (four-wire wye plus equip- 
ment ground) is used in Honeywell systems; the 
neutral is readily available. The neutral supplied is 
usually the white conductor in a multiconductor 
power cable. 


The ac neutral must not be confused with 
protective (equipment frame) ground. The protec- 
tive equipment ground — the green conductor ina 
multiconductor cable prevents the buildup of 
dangerous voltages on equipment as protection 
for personnel. It ensures that any short circuit 
between a power phase and the cabinet draws 
enough current to trip the circuit’s protective 
device immediately — rather than raising the 
potential of the equipment to a dangerous level. 
The ac neutral must never be connected to the 
frame of any equipment or to the protective 
ground. 


Interconnecting Cables 
Honeywell supplies and installs the necessary 
cables and raceway (if used) for the initial instal- 
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lation of the computer (with the exception of the 
ac cables). Since all cables are custom-made to 
specific lengths (see Table 8-6) it is essential that 
an approved system layout drawing be available 
at the proper time. 

Any revisions of approved system layout draw- 
ings are considered on an RPQ (Request for Price 
Quotation) basis because a second cable order 
must be prepared. 

Cables required for new, additional, or 
damaged equipment through the fault of Honey- 
well and within warranty period are supplied by 
Honeywell at no cost. 

If cables are requested in other than standard 
lengths, the new cable lengths and the reason for 
the change must be specified on a Request Price 
Quote (RPQ) basis. 


Power Receptacles and Connectors 

You are required to install power receptacles 
and/or connectors in accordance with local elec- 
trical codes before delivery of the system. The 
locations and types of ac receptacles are given in 
Table 8-5 for each device. For quick reference in 
estimating a power load, the electrical specifica- 
tions for each device are included in the summary 
table at the beginning of the section. The power 
loads listed do not represent the duty cycle, nor 
have they been derated to indicate the duty cycle. 
To meet the NFPA 70 Electrical Code, the 
primary distribution must be sized by the name- 
plate rating specified on the device. 

The values shown for circuit breakers and wire 
sizes must also meet the NFPA 70 Code. Follow 
your local code if it requires larger sizes. The 
wires shown include the required “‘green wire” or 
safety ground conductor. 

For a summary of receptacle specifications, see 
Table 8-5. 

Figures 8-8 through 8-10 illustrate the ac-type 
male plugs that can be attached to the computer 
devices or to the power panel (depending on its 
location). The dimensions indicated for the con- 
nectors and receptacles are overall measurements 
and can be used in calculating subfloor clearances 
and clearances in walkways, cable channels, and 
raised floor cutouts. 


Device Specifications 

Models 6/34 and 6/36 consist of the following 
installation specifications for a system and are 
based on the individual device specifications in 
Table 8-6. If any devices or modules are added or 
deleted, the associated specifications should be 
revised by the customer, with copies sent to your 
Honeywell Marketing Representative. In this way, 
both the customer and Honeywell will have 
first-hand information for reworking total system 
requirements. 
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Figure 8-8. Power Plug — Three-Phase, 30-Amp, 
Five-Wire, 600V 


NO. 25415 
SYMBOL (A) 
TYPEA 


Figure 8-9. Power Plug — Single-Phase, 15-Amp, 
3-Wire, 125V 


NO. BY CUSTOMER 


SYMBOL (F) 
TYPE BY CUSTOMER 


Figure 8-10. Power Plug — Single-Phase, Straight 
Blade, 15-Amp, Three-Wire, 125V 


NO. BY CUSTOMER 
SYMBOL 
TYPE BY CUSTOMER 
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TABLE 8-6. CENTRAL PROCESSING SYSTEM SPECIFICATIONS 


Cables (max.) 


Se eee Power er 
Mache uns Description oe pia 


Identifier (in.) 


Cabinet 1: 
CPS9450]| Central Proc. 64K jSee 9016 or 2343” 52.0/76.2/156.2 18 15.2 
CPS9460}| Memory also ~ (8,000) | (20.5/30/61.5) (50) 
CPS9461 includes CP cab- . 
inet fully loaded With control 
with power panel overhang: 
chassis and xxx/92.2JXxxx 
devices. (xxx/36.25/xxx) 
CAB9010 | Extension — Table 60.9/76.2/76.2 29.9 - — 
Wing (24/30/30) (66) 
6/34 Control Panel 
CPS9450 | (CP rackmountable) 
or 403 or 645 | 50.5/77.9/16.25"] 29.4 15.2 
CPF9403 | (CP Tabletop ; (1,600) (19.9/30.7/6.4) (50) 
CAB9001) 
6/36 Control Panel 
CPS9460/ | (CPU rackmount- 
CPS9461 | able) or 403 or 645 50.5/77.9/16.254 ; 15.2 
CPF9403 | (CPU Tabletop ; (1,600) (19.9/30.7/6.4) (50) 
CAB9001) : 
TTU9IOI | ASR-33 94 or 109 55.8/46.9/66 18 7.6 
Teleprinter ; (375) (22/18.5/26) (6) (25) 
TTU9102 | KSR-33 94 or 109 55.8/46.9/66 4.8: en 
Teleprinter ; (325) (22/18.5/26) (6) (25) 
TWU9101} Keyboard L8 is2 
Typewriter ; (500) (22.5/26.5/13.1) (6) (50) 
252 or 292 | 20.3/60.9/33.0 1.8 15.2 
DKU9 Y EDA eT ee EY 18} Ib 
101] CRT (TTY) (1,000) (18/24/13) (6) | (50) 
N/A _N/ Allow 0.9m 
Keyboard . withinCRT | 20.3/20.3/7.6 | withinCRT | N/A |(3 ft.) 


(N/A (18/8/3) 


(N/A Separation 
within CRT) within CRT) y 


DIU9IOI | Single Diskette 
(rackmountable 


or tabletop unit) 


Dual Diskette 
(rackmountable 
or tabletop unit) 

Memory Save and 
Autorestart 

(rackmountable) 

Or 


(tabletop) 


85 or 100 | 52.07/68.3/18.54 27. 6 
(340) (20.5/26.9/7.3) (20) 


D1U9102 


171 or 199 | 52.07/68.3/374 . . 6 
(680) | (20.5/26.9/14.6) (20) 


PSS9001 


44.7/59.9/8.84 18] 10.7 
(17.6/23.6/3.5) (35) 


PSS9002 


CDU 9101] Cartridge Disk oe 
through Units 290 or 337 48.2/76.2/24 3.3 
CDU9104 (1,150) (19/30/8.75) (11) 
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TABLE 8-6 (cont). CENTRAL PROCESSING SYSTEM SPECIFICATIONS 


PRINTER ere ICATIONS 


;  eecnaipeyee | eer 
Description nla ee 
m 
i 


Cables (max.) 


Dimensions 


; Heat Gain m 
Marketing W/D/H 
Identifier a ce as se — (ft.) 
" dc 


(in.) 


PRU9IO1 | Serial Printer 340 or 395 | 71.1/55.8/34.2 15.2 
€GA:haimicten set) (1.350) (28/22/13.5) (50) 
PRU9102 | Serial Printer 340 or 395 | 71.1/55.8/34.2 15.2 
(76 character set) (1,350) (28/22/13.5) (50) 
PRF9IO1 | Serial Printer 71.1/55.8/66 
Pedestal! (28/22/26) 
PRU9103 | Line Printers : 
ees 454 or 527 |83.8/55.8/114.3 15.2 
(1,800) (33/22/45) (50) 


PRU9106 


CRU9IOI 
through 
CRU9104 


Card Reader 


154 or 179 
(610) 


49.5/38.1/34.2 
(19.5/15/13.5) 


COMMUNICATIONS SPECIFICATIONS 


MLC9101 
through 
MLC9102 


Multiline Commu- 
nications Processor 


Figured within Central Processor Unit 


Note: 
a. The permissible primary power to the Type CAB9003 system cabinet sources are as follows (permissible power sources for 
rackmountable, table top, rackmounted and free-standing peripheral devices are described below for these devices): 


1. 120/240V (nominal) ac, single-phase, center-tapped, two hot wires plus neutral and safety ground (sce diagrams below). Each 
“hot” wire may carry up to 15 amps depending on units installed in cabinet (i.e., up to 4 KVA/eabinet), 

2. 120/208V (nominal ac — Any two of the three phases plus neutral and safety ground of a three-phase wye-connected power 
system (see diagram below). Note that current and KVA rating are the same as in (1) above. 


3. Loading on the input lines will be from phase to neutral on two phases only. Maximum load current per phase will be 24A; there 
is no internal provision or procedure for balancing the load. The unused phase is truncated at the input connector. The cabinet 
containing the central processor requires a receptacle the second cabinet (options) is slave to the central processor cabinet. If a 
third cabinet is required, another receptacle is uscd. The fourth cabinet, if required, is slaved to the third. All cabinets requiring 
receptacle receive a “‘primary power contactor pick” voltage from the central processor cabinet. 


. Figures include maximum cabinet requirements and power supply specifications. 
Receptacles needed when tabletop installed, otherwise, plugs into PDU. 

. Dimensions shown are configured for tabletop units. For rackmountable, see page 8-10. 
Cartridge Disk Units always plug into Power Distribution Unit (PDU). 


caog 


Site Preparation Check List 
For your use in final preparation of your 


system a check off list follows indicating standard e Are all wall outlets on a separate feeder line? 
site preparation requirements. e Is the computer room prepared properly for 
; minimum dust and maximum cleanliness? 
e Review site layout for room size and e Does the computer room have recommended 
serviceability? fire protection? 
e Does the system have its own power source? © Does the computer room have recommended 
e Is proper system ground present? emergency power off wiring? 
(see page 8-22) e Is the equipment ground and neutral isolated 
e Is ac neutral wired properly? at service entrance? 
e Are all receptacles for system devices e If raised floor, are cable and ac cutouts 
installed? complete? 
e Are there temperature and humidity e Is Honeywell floor raceway ordered and 
controls? available. (Optional) 
® Does the computer room have its own air e Have phone lines and communications 
conditioner sized to meet present and future modem hardware been’ ordered and 
load requirements? installed? 
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Supplies and Accessories 

Honeywell markets a complete line of com- 
puter supplies and accessories. For more informa- 
tion, see the Honeywell Computer Supplies 
Catalog, Order No. BY62, or your Honeywell 
Marketing Representative. 


References 

In addition, to aid you in your system installa- 
tion work, Honeywell has listed several compan- 
ion handbooks that are available as outlined 
below. 


ASHRAE Handbook, American Society of 
Heating, Refrigeration, and Airconditioning 
Engineers, New York City, New York. 
Honeywell Computer Supplies Catalog, 
Order No. BY62. 

National Electric Code, National Fire 
Protection Association (No. 5, No. 75, and 
No. 90A), 470 Atlantic Avenue, Boston, Ma 
02210. 

Plant Engineering Handbook, McGraw Hill, 
New York City, New York. 

Surface Metal Raceways and Fittings Stan- 
dard For Safety, No. UL-5 Electronic Data- 
Processing Units and Systems, No. UL-478; 
Underwriters Laboratories, Inc. Chicago, Ill; 
New York; Santa Clara, California. 
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PHYSICAL PLANNING AIDS 

The following pages present photo templates 
(dimensioned and without dimensions), 1:50 mm 
(1/4 in.) and 1.50 (1/4 in.) and a floor layout grid. 
Use the templates and grid to make a rough draft 
of the layout you have selected. The templates 
and grid enable you to simulate your chosen 
system and help reconcile the possible conflicting 
requirements of proposed or existing walls, doors, 
windows, aisles, and so on. 

Before proceeding to duplicate a standard 
layout, you should review this section. 

The letter “F” on the templates indicates the 
front of the device. The inside (bold) lines 
indicate the main portion of the device cabinetry; 
the outside (dashed) lines indicate the swing of 
the doors and area for drawers, together with the 
required clearances for servicing each device. 
Clearances can be overlapped since it is unlikely 
that service would be performed on two adjacent 
cabinets at the same time; overlapping provides a 
more workable and compact configuration. 

The ac plug symbols, located close to the floor 
cutout of each device, indicate the approximate 
location in which the ac receptacle and/or con- 
nector is installed (see Table 8-5). 

Use the blank installation specification and 
individual equipment calculation forms on 
pages and for updating the standard system 
specifications in this section. 
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Figure 8-11. Typical Level 6 Layouts and Templates 


SITE PREPARATION PLANNING 8-27 AS22 


Rackmounted Unit (by Honeywell) Typical “RETMA” Cabinet for 


Rackmountable Units 


15.2 X 20.3 cm 
(6" X 8") 


281.8 cm 
(108%”) 


CENTRAL 
PROCESSOR 
CPS9450 
CPS9460 
CPS9461 


CENTRAL 
PROCESSOR 


(36%") 


cPs9460 
CPS94GT 


+ 
e 


MN 


\ (20%") 


Figure 8-11 (cont). Typical Level 6 Layouts and Templates 


SITE PREPARATION PLANNING 8-29 AS22 


(36") 


CENTRAL 
PROCESSOR 
CPU9450 
CPU9460 
CPU9461 
(TABLETOP CAB9001) 


Tabletop Central Processor ea 
| 
| 
| 
| 
| 


CENTRAL 
PROCESSOR 


(30-3/4") 


CPUDEO 


cPusest 
(TABLETOP CABGOOIT 


50.5 cm 
| (19-7/8") | 


(36") 


| 
| 
| 
| 
| 
eeerereeres! 


*rus101 Pe *ru9101 pe 
TTU9102 ASRO3 OF KSRII 
ASR33 OR KSR33 TELEPRINTERS 

TELEPRINTERS 7.6 X 7.6 cm 
(3" X 3”) 
Ge ae - : 2 | i | 
} 

ASR33 or KSR33 Teleprinter , a, ) 

| | 

| | 

| { 

| | 

fies ee ed 


Figure 8-11 (cont). Typical Level 6 Layouts and Templates 
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Tabletop KSR30 30 CPS Keyboard Typewriter Console 


TWU9101 
KEYBOARD 
TYPEWRITER 


52.07 cm 


60.9 cm | 57.15 cm | 
(24") (22-1/4") 


& 


l 
| 
| 
| 
| 
| 
| 
| 
| 
TYPEWRITER | 
| 
| 
| 
| 
| 
| 
| 
| 
| 


DKU9101 
CRT(TTY) 


.-DKUDIOS 
CRTUTTY) 


Figure 8-11 (cont). Typical Level 6 Layouts and Templates 
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Single or Dual Diskette Rackmounted Unit Single or Dual Rackmountable Unit 
(by Honeywell) : (by Customer) 


Tabletop Single or Dual Diskette 


DIU9101 OR 
DIU9102 
SINGLE OR DOUBLE 
DISKETTE 
F 


1U9101 OR 


Otug102 
SINGLE OR DOUBLE 


Figure 8-11 (cont). Typical Level 6 Layouts and Templates 
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Rackmounted (by Honeywell) 
Cartridge Disk Units 


Rackmountable (by Customer) 

Cartridge Disk Units 

Note: 

Must be attached (plug into) Honeywell’s PDU. 


CcDU9101 
THROUGH 
CDU9104 
CARTRIDGE 
DISK UNITS 


Figure 8-11 (cont). Typical Level 6 Layouts and Templates 
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Extension Table Wing Option 
(by Honeywell) Serial Printer 


AND Saw. ou 
prugis2 ° * 5 
SERIAL PRINTERS 


60.9 cm 


Pedestal Serial Printer 
(by Customer) 


Tabletop Serial Printer 


(24") 


Figure 8-11 (cont). Typical Level 6 Layouts and Templates 
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Figure 8-11 (cont). Typical Level 6 Layouts and Templates 
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Extension Table Wing Option Card Reader Tabletop Card Reader 
(by Honeywell) 
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Figure 8-11 (cont). Typical Level 6 Layouts and Templates 
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Figure 8-12. Layout Furniture Templates 
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Installation Specification for System 
Model 


Hi oO Nn eywel I Central Processor Type 


Sheet 1 of__ 


—ELECTRICAL— 


GENERAL: 


Ac power will be supplied by the customer based on the requirements listed in these specifications. 
The electrical power source will be independent and isolated from all other loads. 
An allowance for expansion is recommended. (See Sheet 2 for specifications.) 


All wiring must be installed in accordance with the National Electrical Code and other local ordinances. Costs for 
installing and/or modifying will be borne by the customer. 


The electrical ground source shall be free of ground loops. 


REQUIREMENTS: 


A. The customer will supply and install in the computer room all AC receptacles indicated in the system layout and in 
Table 8-6 for individual unit specifications. 


B. AC Power requirements for Level 6 Systems central processor cabinet and expansion cabinets (add-ons) (either of the 
following sources may be utilized): 


1. Input voltage should be from a 208 VAC RMS, 60 Hz, three-phase (one phase not used), 4-wire plus ground 
source with 24A at 208 VAC RMS, or 


240 VAC RMA center-tapped (neutral 60 Hz, single-phased, 3-wire, plus ground source. If 240 is used, the 
Hubbell 25414 or 25403 (customer supplied) must be wired with the high lines (“hot” wires) connected to pins 
X & Y and the neutral center tap connected to pin W. 


Loading on the input lines will be from phase to neutral on two phases only. Maximum load current per phase 
will be 24A; there is no internal provision or procedure for balancing the load. The unused phase is truncated at 
the input connector. Cabinet containing central processor requires a drop; second cabinet (options) is slave to 
central processor cabinet. If third cabinet is required, another drop is used. Fourth cabinet, if required, is slaved 
to third. All cabinets requiring drops receive a “primary power contactor pick” voltage from central processor 
cabinet. No growth factor required. 

Listed below are the electrical specifications for the Level 6 System peripherals. 
Load — KVA for peripherals only. 
Voltage — 120/208 + 10%, 3-Phase (only use two phases of the three phases). 
Frequency — 60 Hz + 1/2 Hz 
Phase and number of wires as indicated. 


NOTE: The equipment neutral wire must not be connected to building ground except at power source (transformer, 
or building service entrance). 


In the unusual cases wherein the power company does not regulate its power within the above tolerances and/or your 
facility imposes heavy loads on their substations, you are advised to furnish and install a voltage regulator. 


Interconnecting cables between units shall be protected from mechanical injury. Product line raceways can be 
purchased through your Honeywell sales representative if raised flooring is not used. Raceway specifications are 
available from your Honeywell site planning engineer. The cost of supplying and installing raceway will be borne by 
the customer. 


Figure 8-13. Installation Specification Format (Sheet 1) 
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Model 


H O n ey e j [ Central Processor Type 


Sheet 2 of __ 


—AIR CONDITIONING— 


GENERAL: 


The heat dissipation figures listed on Sheet 2 for each unit do not include the heat gain from other sources: namely, 
lighting, people, building transmission, and fresh air loads. The total, however, allows for a 30% growth in equipment 
and should be considered when figuring the size of the air-conditioning system. 


Check NFPA-75 for fire protection information. 


Costs for installing and/or modifying air-conditioning will be borne by the customer. 


REQUIREMENTS: 


A. Listed below are the air-conditioning specifications. 
1. Cooling required for equipment only kcal/hr or watts ( Btu/hr or tons). 
Temperature measured at input air of minisystem units — 23°C + 3°C (73°F + 5°F). 


2: 
3. Relative humidity — 40 to 60%. 
4 


Filtration — Normal, unless environment is subjected to corrosive gases, salt air, or other unusual conditions, in 
which case special filtering will be required. If mechanical filters are used, their efficiency rating shall not be less 
than 20%. 


It is strongly recommended that the computer room air-conditioning system be a separate system because 
computer rooms require year-round cooling. (Window-type air-conditioning units are not recommended.) 


REFERENCES: 


For additional information and recommendations concerning the above subjects, as well as acoustical ceilings, fire control, 
cables, etc., contact your local Sales Representative or Field Engineer. 


Figure 8-13 (cont). Installation Specification Format (Sheet 2) 
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INITIAL CONFIGURATION — (Metric Measurements) 


Electrical Power Heat Gain 
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Marketing 


(keal/hr or 
(kVA) | (amps) | (Symbol/type) watts) 


Identifier (cm) 


: : Cables 
Dimensions (m) 
tem [oe [ae 


Total 
30% Growth Factor 


Figure 8-13 (cont). Installation Specification Format (Sheet 3) 
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INITIAL CONFIGURATION — (Metric Measurements) 


Electrical Power Receptacles Heat Gain 


Marketing (Symbol/type) spans or 
Qty. Device Identifier | (kVA) 
LL a ey sas 


Dimensions 
W/D/H 
(cm) 


a 5 oe 
30% Growth Factor 
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Figure 8-13 (cont). Installation Specification Format (Sheet 4) 
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Figure 8-14. Floor Layout Grid 


Scale: 1:50mm (1/4 in.) 
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APPENDIX A 
SITE FACILITIES LISTING 


SITE FACILITIES LISTING 


Outlined below is a site facilities check-off list 
that should be considered before you select or 
plan your computer site. 


Space Requirements 


e Service Engineering Area 

Based on system size or area should be 
planned for test equipment, manuals, and 
parts necessary for system checkout and 
maintenance. 

Media Storage Facilities 

Again based on size of your installation, 
space must be allotted for storage of disk 
packs, printer paper and ribbons, cards, and 
other supplies. 


Equipment Structural Tolerances 

Although Honeywell equipment can withstand 
intermittent building vibrations or minor Richter 
Scale shocks, Honeywell does not guarantee a 
design vibration tolerance that might be experi- 
enced at your particular site. If vibrations and 
shock are apparent at your location, they should 
be measured and discussed with your engineering 
consultant. 


Floor 


e Loading 

Model 6/34 and 6/36 equipment units do 
not impose structural modification in exist- 
ing buildings having a normal liné loading 
capacity of 244 kg/sq m (50 Ib/sq ft.). 

Pitch 

Check local building codes for degree-of- 
pitch requirements. A 2.79 cm (1.10”) slop 
ratio generally is acceptable. 

Surface Metal Raceway 

Each device in the configuration has control 
and signal cables that must be protected. 
Surface metal raceway, or “trough” is an 
economical enclosure for wires and cabling. 


SITE FACILITIES LISTING 


(Cable protection within the devices is 
included in the equipment design.) Honey- 
well has raceway available for Level 6 
systems. (See Honeywell Computer Supplies 
Cataloge, Order No. BY62, or your Honey- 
well Marketing Representative.) 


Floor Covering 

Many considerations besides appearance and 
cost determine the best floor covering mate- 
rial for a minicomputer installation. 


Tile — In the past, the choice of hard surface 
flooring has usually narrowed down to vinyl 
or linoleum materials because of their attrac- 
tiveness, durability, maintainability and 
sound absorption. 


Carpet — Carpeted floors offer many advan- 
tages over tile floors. A good grade of carpet, 
however, lasts as long as good vinyl tile, and 
can be treated to be lint free and without 
static electricity. 

Maintenance 

The beginning of a good maintenance pro- 
gram is prevention: place track rugs at all 
entrances to catch dust, grit and abrasives 
brought in from other areas. 


Walls — All installation walls must be from 
floor to ceiling, to avoid noise in the area and 
minimize dust filtration. 


Ceilings — Any commercial grade of fire- 
resistant ceiling tile serves adequately and 
produces an attractive, clean appearance. 


Soundproofing 

A minicomputer system does have a higher 
noise level than a clerical office containing 
light office machinery. Therefore, keep the 
noise in the system area — and nearby — at 
an acceptable level, pay particular attention 
to the use of sound-absorbing materials and 
to the arrangement of sound barriers. 
Lighting 

An intensity of approximately 371-743 lux 
(40-80 foot candles) at desk level is adequate 
for the minicomputer area. 


Air Conditioning 
e Monitoring Temperature and Humidity 

Continuous monitoring of the site’s tempera- 
ture and humidity is recommended as a way 
to save downtime. Recording instruments 
will indicate, for example, the extent and 
duration of any undesirable environmental 
conditions. 

Air Filtration 

Air filtration is an essential adjunct to the 
regular cleaning regime to help ensure con- 


AS22 


tinuous and reliable operation of Disk 
devices. 


Mechanical Air Filters — High-efficiency air 
filters are satisfactory unless the installation 
is subjected to corrosive gases, salt air, or 
other unusual conditions. 


Electronic Air Cleaners — Electronic air 
cleaners are highly recommended where 
clean air is a major problem. Honeywell’s 
Residential Division is a supplier and can be 
contacted for sales or service via 


Honeywell Inc. 
Honeywell Plaza 
Minneapolis, MN 55408 

Types of Systems 

There are four types of systems Honeywell 

recommends: 

Overhead Supply 

Underfloor Supply 

Combination Supply 

Freestanding Supply 


Electrical Power 
e Power Distribution 


If the electrical power at the installation is 
not of the required voltage, one or more 
transformers must be purchased and 
installed. The capacity required depends 
upon the equipment complement and what 
is specified in the calculated installation 
specification. 


Wye — The wye connected distribution 
transformer is the way the required three- 
phase, 120/208 voltage source can be 
obtained. You may already have this voltage 
supplying the site, since the wye is widely 
used in urban areas. 


Delta — The delta method of power distribu- 
tion is probably the next most popular way 
to distribute power. The common delta is a 
four-wire system comprising three phase and 
neutral such that the voltage between any 
two phases is normally 240 volts. 


Open Delta — To save the cost of a trans- 
former, an open delta system is sometimes 
used. This system develops the same voltage 
as the closed delta. 

Transformers 

Transformer(s) can be general purpose, iso- 
lated, dry type, cooled by air convection, 
and suitable for indoor service in either a 
wall mounted or floor-mounted position. 
Isolated Transformers 

Level 6 system must be protected by an 
isolation transformer. 
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@ Voltage Regulators 
A suitable voltage regulator is an automatic, 
dry type, cooled by air convection, and 
complete with enclosure for indoor service. 
@ Phase Rotation 
The three-phase and single-phase power 
receptacles and/or connectors used in con- 
junction with a device’s male plug must be 
wired correctly. Correct phase rotation is an 
important safety measure for wiring all 
devices. 


Earth Grounds — An earth ground is a net- 
work of parts such as ground plates, rods, 
mats, radials, or cables that provides a low- 
impedance conducting path between a facil- 
ity and the absolute earth. The design 
objective should be to have the resistance 
to ground as near to zero as possible. 


“Green Wire’? Safety Ground — Every sub- 
system power run must have a separate, 
continuous, insulated wire for use as a frame 
(protective) ground referred to as “the green 
wire.’ It is run inside the conduit or power 
cord with the conductors and ac neutral. 
The frame ground wire must be securely 
fastened to the frame ground bus or terminal 
provided in the equipment and to the power 
distribution panel frame or ground bus (not 
the ac neutral bus). 


COMMUNICATIONS FACILITIES 

The integrated communications controller 
attaches directly to the Level 6 integrated unit 
processor via a device adapter interface. The 
communications controller uses the extensive I/O 
and microprogramming capabilities of its own to 
expand its processing power and form the nucleus 
of the communications handling facility. 


@ Terminals 
Your Honeywell Marketing Representative 
has information about terminals compatible 
with our communication interfaces. The 
type and quantity of terminals (communi- 
cation modems, phone lines, etc.) must 
be decided two or three months before 
system delivery to ensure that the terminals 
will be delivered and installed before the 
mini computer system arrives. 

@ Power 
The local telephone company can make pro- 
visions for the required communications 
devices. In some cases the telephone com- 
pany also provides multiplexers. Since all 
such units require 115 Vac outlets, consult 
with the telephone representative to deter- 
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mine the correct number of outlets and 
locations. 


Safety is a vital factor for a processing 
center. Safety should be a consideration in 
the choice of a location, building materials 
used, fire prevention, equipment, and per- 
sonnel training. Your mini computer room 
should be a noncombustible or fire-resistant 
building or area. 

Fire Protection 

Fire prevention is an important installation 
requirement. Protection is greatest when the 
computer is housed in a fire-resistant build- 
ing. The ceiling, floor and walls of the 
computer room should be of noncombust- 
ible material. The room may be separated 
from adjoining areas by double fire doors. 
An automatic fire and smoke detection 
system should be considered. The air condi- 
tioning system should be provided with fire 
dampers and its ducts should be independent 
of all other ducts in the building. 


Extinguishers — At least two carbon dioxide 
fire extinguishers should be present in each 
room where computer equipment is located. 


If a sprinkler system is used, some precau- 
tion should be taken against accidental 
discharge of water. It is recommended that a 
copy of Protection of Electronic Computer 
Systems (NFPA No. 75)* be thoroughly 
reviewed. 


Monitoring Systems — Honeywell’s Commer- 
cial Division offers data processing cus- 
tomers a wide array of protective systems 
that can be installed individually or inte- 
grated into a complete monitoring system 
not only for fire and smoke, but also other 
building facility needs such as environmental 
automation, waterflow detection, security, 
sprinkler supervision, elevator control, 
equipment monitoring and many other pro- 
tective systems. For information about pro- 
tective systems, consult your local Honey- 
well Commercial Division Office or: 


Honeywell 

Honeywell Plaza 

2701 Fourth Avenue South 
Minneapolis, MN 55408 


Lightning Protection 

Primary power transformers must be pro- 
tected by lightning arrestors. It is highly 
desirable that similar protection be provided 
at the service entrance to the building. 
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Arrestors reduce the possibility that exces- 
sive voltage and currents due to lightning 
strikes will seek some indeterminate, low- 
impedance path to ground, such as building 
metallic structure or equipment cabinets. 

@® Emergency Power-Off Wiring 
The National Electrical Code-1968 requires 
each exit from the computer room be 
equipped with a control system and air 
conditioning equipment, to be used in an 
emergency. In large installations, fire alarms, 
controls, and control pull boxes are also to 
be located at each exit and the fire alarm 
circuit integrated with the emergency-off 
circuit. 

@ Emergency Lighting 
Some local codes require a special battery- 
operated lighting unit that automatically 
illuminates an area in case of power or 
lighting circuit failure. 

@ Security 
Do not overlook the serious matter of 
computer area security. At the very least, 
extend the existing building security systems 
and services to include the minicomputer 
area. 


MEDIA STORAGE AREA 

A storage area for disk packs, punched cards, 
printer paper, spare parts, and manuals should be 
provided. These items should be housed in metal 
containers or fire-resistant cabinets. For the most 
efficient operation, the storage area should be 
located in or adjacent to the minicomputer. 


@ Disk Packs 
Disk packs must not be exposed to intense 
heat and should never be stored in direct 
sunlight or stacked on top of other packs. 
The storage area temperature should range 
from 10°C -32°C (50°F090°F), with a rela- 
tive humidity range between 10% and 80%, 
provided a wet bulb temperature reading 
never exceeds 29°C (85°F). 

@ Cards and Printer Paper 
Cartons of cards should be stacked upright 
to prevent warping or bending. Cards should 
not be placed directly on the floor, but 
should be squared neatly and stored in a 
dust-free container, preferably in a card 
filing drawer. Do not use elastic bands in 
bundling card decks. 


Paper products should not be stored where 
they are exposed to variations in tempera- 
ture and humidity, such as near heated 
pipes, radiators, windows, or air ducts. 
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SHIPPING AND MOVING IN 


@ Shipping 
Honeywell makes all the necessary arrange- 
ments for shipping and insuring the 
computer system and components. Honey- 
well has the responsibility of keeping you 
aware of the selected delivery dates and 
approximate costs. Special arrangements can 
be made before shipment, with the approval 
of Honeywell. 

® Moving In 
Moving expenses vary, depending on the ease 
of access to the installation site. Existing 
corridors (including turns), doorways, and 
elevator shafts should be large enough to 
accommodate the following dimensions: 


@ Width — 0.91m (3 ft.) 

@ Depth — 1.22m (4 ft.) (on floor, not 
including saddles, sills, etc.) 

@ Height — 2.13m (7 ft.) (includes height of 
shipping dolly) 


Elevators should be capable of carrying at least 
900 kg (2000 1b). Saddles and sills should be 
omitted to permit unhindered movement of the 
unit through doorways. 

If any of the above mentioned presents a 
problem the Honeywell Marketing Representative 
should be informed of the problem. In this way 
Honeywell can make special arrangements for 
mover/trucking firms to deliver equipment with- 
out unforeseen delay to the computer room. 


SITE FACILITIES LISTING 
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APPENDIX B 
INSTRUCTION TIMINGS 


This section provides the following timing 
tables: 


Instruction and Operand Fetch Times 
(Table B-1) 

Execution Times 

(Table B-2) 

Shift and Generic Instruction Times 
(Table B-3) 

R-Branch, I-Branch Execution Times 
(Table B-4) 

I/O Instruction Times 

(Table B-5) 


INSTRUCTION TIMINGS 


B-1 
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B-2 


INSTRUCTION TIMINGS 


TABLE B-2. EXECUTION TIMES 
Address Syllable Times (ys) 
R Register 
Op Codes B Register Any Other 


INC, DEC, NEG, CPL, CL, STR, STB, STS 0.58 1.16 
CLH, STH 1.16 1.16 
STM 0.87 1.45 
SWR, SWB 1.16 1.74 
CAD 0.58/0.87 0.58/1.45 
LBS (I[B] = 1), LBT 1.16 1.74/3.07 
LBS (I[B] = 0), LBF, LBC 1.45 2.03/3.36 
JMP, ENT 0.58 
LNJ 0.29 
LAB 0.0 


ADD, SUB 0.38 


LDR, LBD, LDH, OR, XOR, AND, ORH, XOH, ANH 0.29 
CMR, CMB, CMH 0.38/0.67 
CMV? 1.91/2.20 
CMZ 0.67/0.96 
LEV 4.60/88.20 
SAVE 13.21/22.71 
RSTR 12.63/34.30 
MTM 1.74 
MUL (# #7) 11.20 
MUL (#=7) 10.73 
MLV? (# #7) 12.73 
MLV? (#=7) 12.26 
DIV (# 47) 13.22/14.56 
DIV (# =7) 13.22/14.27 
LLH 0.58 
LB 0.87 
ADV?# 1.91 
LDV® 1.82 
CMN 

LDI 

a To be supplied 
IOH 


LEV 


@Total Fetch & Execution Time 
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TABLE B-3. SHIFT AND GENERIC INSTRUCTION TIMES (INCLUDES FETCH) 


Shift Instruction Times (us) 


SOL 1.53 + 0.29d 
SAL 1.82/2.11 + 0.29d 
SCL 1.53 + 0.29d 
DCL 1.82 + 0.29d 
DOL < 16 1.82 + 0.29d Seo Notes eanay) 
DOL > 16 2.11 + 0.29d 
DAL < 16 1.82/2.11 + 0.29d 
DAL 2 16 2.11/2.69 + 0.29d 
SOR 1.53 + 0.29d 
SAR 1.53 + 0.29d 
SCR 1.53 + 0.29d 
DCR 1.82 + 0.29d 
DOR < 16 1.82 + 0.29d 
DOR = 16 2.11 + 0.29d 
DAR < 16 1.82 + 0.29d 
DAR 2 16 2.11 + 0.29d 
Generic Instruction Times (us) 
HLT 2.11 
MCL, BRK 16.75/17.07 
RTT 11.85 
RTCN, RTCF 2.11 
WDTN, WDTF 2.11 


NOTES: d= shift distance;O<d<15 


These are times for procedural shifts. For nonprocedural shifts (d = 0) 
add: 0.96 ys to the above times. 


TABLE B-4. R-BRANCH, I-BRANCH EXECUTION TIMES (INCLUDES FETCH) 


Test Success and Successful (is) 
Addressing Mode 


Unsuccessful (us) 


BLZ, BGEZ, BEZ, 2.40/2.69 
BNEZ, BGZ, BLEZ, min/max 
BEVN, BODD, BINC, 


BDEC, BOV, BNOV 


B, NOP, BAL, BAGE, : 2.11/2.40 
BE, BNE, BAG, BALE, 

BL, BGE, BG, BLE, 

BSU, BSE, BCT, BCF, 

BBT, BBF, BIOT, BIOF 


NOTE: If indirect (*IMA, *B + X, etc.), add 1.24 us to time shown. 
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TABLE B-5. I/O INSTRUCTION TIMES 
1/O Instruction Times (us) 


Address Syllable Form 


IMA®, P+ D?, B + D? 
IMA + X@ 

B?, IMO 

Bt xX@ 

+B, Bt 

B+ /X,B+ Xt 
IV+D 

RA 


“If indirect in any address syllable, add 1.24 ys for each indirection. 
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SITE PREPARATION PLANNING 


Installation Specification for Level 6 System 
Model 6/34 or 6/36 


Hi oO n eywel i : Central Processor Type 


Sheet | of 4 


— TYPICAL SYSTEM ELECTRICAL REQUIREMENTS — 


GENERAL: 


A. Ac power and electrical ground source will be supplied by the customer based on the requirements listed in these 
specifications. 


B. The electrical power source should be independent and isolated from all other loads, where applicable. 


‘?) 


. An allowance for expansion is recommended. (See Sheet 2 for specifications.) 


D. All wiring must be installed in accordance with the National Electrical Code and other local ordinances. Costs for 
installing and/or modifying will be borne by the customer. 


REQUIREMENTS: 


A. The customer will supply and install all ac receptacles indicated in the system layout and in Table 8-6 for individual unit 
specifications. 


B. Ac power requirements for Level 6 Systems central processor cabinet with power distribution unit (PDU) and expansion 
cabinets (add-ons). Any of the following sources may be utilized: 


1. Input voltage could be from a 208 VAC RMS, 60 Hz, two-phase, 3-wire, plus ground source with 24A at 208 VAC 
RMS, or . 
2. 230/240/250 VAC RMS center-tapped (neutral) 60 Hz, single-phased, 3-wire, plus ground source. In either case, the 


Hubbell 25414 or 25403 (customer supplied) must be wired with the high lines (“‘hot” wires) connected to pins X 
and Y and the neutral center tap connected to pin W. 


3. Loading on the input lines will be from phase to neutral on two phases only. Maximum load current per phase will be 
24A; there is no internal provision or procedure for balancing the load. The unused phase when three phase is used, 
is truncated at the input to the RF1 filter in the PDU. Cabinet containing central processor requires a drop; second 
cabinet (options) is slave to central processor cabinet. If third cabinet is required, another drop and PDU are used. 
Fourth cabinet, if required, is slaved to third. All cabinets requiring drops receive a “‘primary power contactor pick” 
voltage from central processor cabinet. No growth factor is required. 


C. Listed below are the electrical specifications for the Level 6 System and devices: 


Central Processor Cabinet and ASR33 Teletypewriter PRU9101/9102 Serial Printer 

Load — 12.08 kVA ; Load — 0.85 kVA 

Voltage — 120/208 +10% Voltage — 120 is 

Frequency — 60 Hz +1/2 Hz Frequency — 60 Hz +1/2 Hz 

Phase and number of wires as indicated. Phase and number of wires as indicated. 


NOTE: The equipment neutral wire must not be connected to building ground except at power source (transformer, or 
building service entrance). 


In the unusual cases in which the power company does not regulate its power within the above tolerances and/or your 
facility imposes heavy loads on their substations, you are advised to furnish and install a voltage regulator. 


Interconnecting cables between units shall be protected from mechanical injury. Product line raceways can be purchased 
through your Honeywell sales representative if raised flooring is not used. Raceway specifications are available from your 
Honeywell Sales Representative. The cost of supplying and installing raceway will be borne by the customer. 


Figure 8-5. (Cont.) Installation Specifications and 
Equipment Calculation Format (Sheet 1) 


10/76 
SITE PREPARATION PLANNING 8-12 AS22A 


Model 6/34 or 6/36 


Hi oO nm eywel fl Central Processor Type 


Sheet 2 of 4 


_— TYPICAL SYSTEM ENVIRONMENTAL REQUIREMENTS — 


GENERAL: 


_ The heat dissipation figures listed on Sheet 2 for each unit do not include the heat gain from other sources: namely, 
lighting, people, building transmission, and fresh air loads. The total, however, allows for a 30% growth in equipment and 
should be considered when figuring the size of the air conditioning system. 


. Check NFPA-75 for fire protection information. 


. Costs for installing and/or modifying air conditioning will be borne by the customer. 


REQUIREMENTS: 
A. Listed below are the environmental specifications. 
. Cooling required for equipment only 3.385 keal/hr or 3.933 watts (13435 Btu/hr or 1.1 tons). 


. Temperature measured at input air of minisystem units — 24°C +-8.4°C (75°F £15°F). 
Rate of change/hr — +-5.6°C (10°F/hr). (No condensation.) 


. Relative humidity — 30 to 60% 


4. Filtration — Normal, unless environment is subjected to corrosive gases, salt air, or other unusual conditions, in which 
case special filtering will be required. If mechanical filters are used, their efficiency rating shall not be less than 207. 


. It is strongly recommended that any required air conditioning system be a separate system because year-round 
cooling is required. (Window-type air conditioning units are not recommended.) 


REFERENCES: 


For additional information and recommendations concerning the above subjects, as well as acoustical ceilings, fire control, 
cables, etc., contact your local Honeywell Sales Representative or Field Engineer. 


Figure 8-5. (Cont.) Installation Specifications and 
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1 Central Processor 
System: 
Cabinet #1 
CP - 64K 
PDU 
Extension-Table 
Wing 


Control Panel 


Memory Save 
and Autorestart 


Double Diskette 


Cartridge Disk 
Unit 


ASR33 
Teleprinter 


Serial Printer 


Serial Printer 
Pedestal 


| Card Reader 


30% Growth Factor 


12.09 
GRAND TOTAL 


INITIAL CONFIGURATION — (Metric Measurements) 


Electrical 
Power 
(kVA) 


Elec- 


Dimensions 
W/D/H 
(cm) 


Heat Gain 
(kcal/hr or 
watts) 


Receptacles 
(amps, symbol, type) 


Marketing 
Identifier 


CPS9460 2016 226.0 | 52.0/76.2/156.2 


trical 
2343 
CAB9003 | Notes: Control 
A&B Panel 
8.64 Overhang 


7 29.9 } XXx/92.2/xxx 


55: asa/4eoicen | 9/66.0 


CAB9010 


within above cabinet 


PSS9110 within above cabinet 


DIU9102 
CDU9101 


within above cabinet 


within above cabinet 


rTug910t 


Ei 


within above cabinet 


PRU9II01 15.2 
PRI9IOI me 
CRU9I101 15.2 


9.30 


Total 
2.79 
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Figure 8-5. (Cont.) Installation Specifications and 
Equipment Calculation Format (Sheet 3) 
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INITIAL CONFIGURATION — (U.S. Measurements) 


Heat Gain 
(Btu/hr) 


Receptacles 
(amps, symbol, type) 


Marketing 


Identifier 
Dee nee ee 


CPS9460 


Central Processor 


System: trical 
Cabinet #1 Notes: 
CP - 64K CAB9003 | A&B 
PDU 8.64 


Extension-Table 
Wing 


CAB9010 


Control Panel within above cabinet 


PSS9 110 


Memory Save 
and Autorestart 


Double Diskette 


(8000) 20%4/30/61% 
Control] Panel 
Overhang 
xxx/3614/XXX 
24/30/30 
Cartridge Disk 
Unit 


(1350) 28/22/13% 
28/22/26 
(610) 19%4/15/13% 


A 


within above cabinet 


DIU9 102 
CDU9101 


within above cabinet 


within above cabinet 


Serial Printer PRU9I101 
Serial Printer PRF9101 
Pedestal 


Card Reader CRU9I01 


Figure 8-5. (Cont.) Installation Specifications and 
Equipment Calculation Format (Sheet 4) 
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SPECIFICATIONS 


The location of the minicomputer facility 
should be selected with regard not only for the 
decor space, clearance, operation of the mini- 
computer and its peripherals, but also for air 
conditioning, and electrical power. These consid- 
erations apply equally to new and old buildings. 


Decor 

Choice of materials and finishes used in the 
interior design of the area must take into account 
the structural and maintenance considerations 
listed under site facilities at the end of this 
section. Paint for example, should not chalk, 
powder, or flake, to avoid unwanted dust. 

The finish of the Honeywell equipment is 
durable, attractive, and easy to maintain. The 
devices are black and white with colored accent 
panels. Standard accent color is blue; red and 
yellow panels are available for an extra charge 
with a Request for Price Quotation (RPQ) from 
the Marketing Sales Representative. Table 8-4 lists 
standard and optional equipment colors. 


Space Requirements 

The floor area required is determined by the 
system’s complement of equipment. Also, the 
system’s floor space depends upon the shape of 
room, the number and locations of permanent 
walls, partitions, entrances and exits. 

Storage facilities for media and other items 
necessary for system operation should be 
designed to minimize both the amount of area 
necessary and travel time between areas. 

Consider the possibility of later expansion 
when you are selecting an area. 


Clearance 

Specific considerations involved in designing an 
efficient processing center vary from installation 
to installation. Five major considerations for 
space and specifications, however, apply: 

e Do not underestimate growth potential. The 
trend is toward additional minicomputer 
uses, and this means additional equipment 
and, in turn, additional space. 

Make sure that the equipment is situated 
where Honeywell recommends (see page 
8-11A) for the best operation and comfort. 
Deviations from the recommended environ- 
mental specifications (included in this 
section) can cause serious problems in the 
operation and maintenance of equipment. 
Power isolation and regulation are necessities 
particularly since growth in the amount of 
power may be required. 

Space for expansion must be allotted for at 
least one expansion cabinet. 


Operation and Peripherals 


Honeywell has determined the optimum mini- 
system arrangement of equipment at a site, based 
on efficient operation. Specific criteria include: 


e The console is the center of operations. The 
operator while sitting at the console can 
swing left, right, or back and be able to 
easily access equipment from all the usual 
working locations. 

Aisles to and from system at least 92 cm 
(36”") wide allow access to all peripherals, 


TABLE 8-4. EQUIPMENT COLORS 


Manufacturers 


cele Chip Number 


Gothic Black 


Executive White 


Nevamar LH-6-1 (L) 
Formica White 949 


Black Laminate 
White Laminate 
Caribbean Blue 
Hunter Red 


Aztec Yellow 
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Honeywell Standard 
Chip Number 


Spatter 


Honeywell Standard 
and 
Optional Accent Colors 


Smooth 


Spatter 


Standard Colors 


Smooth 
Leather 
Smooth 


Spatter 
Smooth 


Spatter 
Smooth 


Optional Accent Colors 


Spatter 


Smooth 
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media supplies, and any maintenance equip- 
ment that must fit through the aisles. 

e The freestanding peripherals should be 
arranged according to the frequency of 
operator access. 

e The displays of module devices, freestanding 
cabinets, and add-on peripherals should be 
visible from the console. 


After evaluating the possible areas, you should 
prepare 1:50 cm (1/4” to I’) equipment layouts 
for areas under consideration. Use the scaled 
template in this section (page 8-30) for this 
purpose. Page 8-11 indicates a maximum system 
layout accompanied by complete specifications 
(Table 8-6) and followed by a photograph to be 
used as an overall guide. 

The site layout should show: 


e Entries and exits from truck off loading 
point 

Adjacent corridors, ramps, and staircases 
Building columns and internal windows. 

Site storage and media storage areas 

Any under-floor or above-floor obstructions 
that affect installation or routing of inter- 
connecting cables. 

Raceways at walkways (when used) 

Ac ground 

Ac load centers 

System ground point 

Communication terminals (if used) 


The final layout must be approved by you, by 
the Marketing Representative and by Field 
Engineering. . 


Air Conditioning (If required ) 

Minicomputer equipment, like any other equip- 
ment that consumes electrical energy, produces 
heat. As a result, air conditioning is an important 
requirement in site planning. This is not just for 
personnel comfort; the equipment media and 
system media can tolerate conditions only within 
certain limits. Temperature regulation, humidity 
control, and air filtration are all essential factors 
for the system. The central processor, rackmount- 
able devices, and freestanding peripherals are 
internally cooled by blowers that circulate room 
air through louvers in the cabinetry. 


Air intake and exhaust varies slightly from one 
device to another. In general, cool air is trans- 
ferred through louvers from front to rear, side to 
side, along the bottom edge (in some units) and 
lower pan section of cabinet where cables enter 
the devices. For proper regulation of the environ- 
ment of the computer room, air conditioning is 
required. 


SITE PREPARATION PLANNING 


Any required air conditioning system for the 
installation should be completely separate and 
completely automatic, regulating conditions mea- 
sured at the equipment air intake within the 
following range: 


System Environmental Requirements 


Operating 
Conditions 


Storage 
Conditions 


5°C to 43°C 
(40°C to 110°F) 


16°C to 32°C 
(60°F to 90°F) 
+5.6°C (10°F) 


Temperature 
(dry bulb) 
Rate of 
Change/hr 
Relative 30% to 60% 
Humidity (No Condensation) 
Rate of 10% 

Change/hr 
Atmospheric 
Pressure 


10% to 80% 
(No Condensation) 


562 mm Hg 
(16.88 in.) to 
780 mm Hg 
(30.71 in.) 
60 mm Hg 
(2.4 in./min) 


Rate of 
Pressure 
Change/min 


The lower limit for relative humidity depends 
on the characteristics of the cards, disk packs, and 
paper to be used; on personnel comfort; and on 
the need to eliminate static electricity. The upper 
limit is subject to the condition that no condensa- 
tion form on the equipment. 

To maintain operating conditions within these 
limits, Honeywell recommends design conditions 
of: 


Temperature 24°C (75°F) +8.4°C (415°F) 
(dry bulb) 
Relative 45% 


Humidity 


The individual environmental specification for 
the CPS9450, CPS9460, and CPS9461 Central 
Processors and their associated attached memory 
when used within a RETMA cabinet, separate 
rack, or an enclosure (by customer) is as follows: 


Central Processor and Memory 
Environmental Requirements 


Operating 
Conditions 
10°C to 50°C 
(50°F to 122°) 
+5.6°C (10°F) 


Storage 
Conditions 

5°C to 45°C 
(41°F to 113°F) 


Temperature 
(dry bulb) 
Rate of 
Change/hr 
Relative 
Humidity 


5% to 95% 
(No Condensation) 
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design and not tied too closely to the 
proposed arrangement of the computer. In 
this way later changes can be effected 
without disruption of computer opeation. In 
essence, the aim should be to condition the 
room and not the minicomputer. 


After the system is installed and operating, the 
air supply dampers must be adjusted to balance 
the temperature throughout the area. Take care 
to locate and eliminate hot spots. It is suggested 
that an independent firm specializing in air 
balancing be employed to balance the computer 
room and provide certified test results to Honey- 

In large facilities containing more than two 
systems, different design-point temperatures may 
exist in remote points of the room. This causes no 
problem as long as the temperature does not 
change more than +5.6°C (+10°F) at any one 
measurement point. 


In determining the air conditioning require- 
ments of your installation, consider: 


1. The types of equipment that will be dissi- 
pating heat in the confined space. The 
central system and peripheral devices are 
cooled by air circulating fans that pull room 
air into the cabinet and exhaust the warmed 
air, usually out through the top or sides. 

2.The heat gain and air conditioning loss 
through walls, ccilings, windows, doors, par- 
titions, and lighting. 


To find the number of tons of air conditioning 
required when kcal/hr (or Btu/hr) is known, use 
the formula: 


kcal Btu/hr 


1000 or 12,000 ~ tons of air 


conditioning 
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Continuous monitoring of the site’s tempera- 
ture and humidity is recommended as a way to 
save downtime. Recording instruments will indi- 
cate, for example, the extent and duration of any 
undesirable environmental conditions. The 
recorder used should satisfy the following 
criteria: 


e The means of delivering air to the minicom- 
-puter area should not be tied too closely to 
the proposed layout of the cquipment, in 
case of changes later. Flexibility can be 
achieved by using dampers and louvers to 
control the quantity and direction of air 
flow or by using a ventilated ceiling with 
certain panels masked off. 


e Distribution of air to any other conditioned 
areas can be conventional, but the supply of 
air from the main air conditioner will need 
reheating if used directly. Small areas such as 
equipment and media storage areas can be 
conditioned by spillover air from the com- 
puter room, entering through suitable grilles 
or a doorway and then extracted back to the 
main air conditioners. 


Air filtration is an essential adjunct to the 
regular cleaning regime to help ensure continuous 
and reliable operation of Level 6 systems. 

To make the filtration system effective, seal all 
windows and control smoking in the area. In 
addition, provide for outdoor clothing to be 
removed and stored outside the area. Exert 
control on the supplier of continuous paper to 
leave only a minimum amount of loose paper dust 
adhering to the pack. The paper itself should not 
lose filler readily when it is handled. 
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This specification requirement serves for a 
stand-alone environment only for the central 
processor and memory during operation, storage, 
and shipping. 

The individual environment specification 
requirements regarding the table-top and free- 
standing devices are listed below, followed by the 
device environment requirements. 


Paper Media Environmental Requirements 


Storage and 
Shipping 
Conditions 


5°C to 45°C 
(41°F to 113°F) 


Operating 
Conditions 


10°C to 38°C 
(50°F to 100°F) 
11°C (20°F) 


Temperature 
(dry bulb) 
Rate of 
Change/hr 
Relative 30% to 70% 
Humidity (No Condensation) 
Rate of 5% 

Change/hr 
Atmospheric 
Pressure 


Model Types 
o TWU9IO01 


Description 


Keyboard Typewriter 
Console 

Single and Dual 
Diskettes 

Cartridge Disk 


562 mm Hg 
(16.88 in.) to 
780 mm Hg 
(30.71 in.) 
60 mm Hg 
(2.4 in./min) 


DIU9101 and 
DIU9102 
CDU9101 through 
CDU9 104 
CRU9I101 through 
CRU9I104 
PRU9101 and 
PRU9I102 
PRU9103 through 
PRU9106 


Rate of Pressure 
Change/min 


Card Readers 


Three additional factors to consider are dis- 


Serial Printers Siissed below: 


1. Humidity control will improve the perform- 
ance of paper-handling devices (card readers, 
etc.), eliminate static electricity, and avoid A 
condensation and moisture. (The walls of 
the computer room should be adequately 
vapor sealed to reduce moisture problems.) 

2. Filtration may be necessary in all areas to | 
ensure clean air for the continuous and 
reliable operation of the minisystem. * 
There are many sources of dirt, both 
from outside (clothes, shoes, dandruff, as 
well as the air supply) and within the room 
(magnetic oxide and paper dust produced by 
handling these materials on the system 
itself). However, provided the precautions 
are taken, the recommended standard of 
filtration, operating on the major source of 
dirt, has been found to ensure the satisfact- 
ory operation of card readers, printers and 
disk devices, and other sensitive devices, in 
association with the standard routine for 


Line Printers 


Individual Device Environmental Requirements 
Shipping 
Conditions 


5°C to 45°C 
(41°F to 113°R) 


Operating 
Conditions 


10°C to 38°C 
(50°F to 100°F) 
+5.6°C (10°F) 


Temperature 
(dry bulb) 
Rate of 
Change/hr 
Relative 10% to 90% 95% 
Humidity (No Condensation) 

Rate of 5% 

Change/hr 

562 mm Hg 

(21.41 in.) to 


Atmospheric 
Pressure 


780 mm Hg 
(30.71 in.) 
60 mm Hyg 
(2.4 in./min) 


Rate of Pressure 
Change/min 


NOTE: Wider humidity variations are allow- 
able in some cases under a more 
restricted temperature range. 


SITE PREPARATION PLANNING 


cleaning these devices individually. It is 
relatively simple to filter the air to a good 
standard — a standard admittedly higher 
than the ultimate cleanliness of the room is 
likely to reflect — but it is not considered 
economic to go to extreme lengths in 
attempting to control the controllable sources 
of dirt when several uncontrollable sources 
still exist. 


3. Air distribution, the means of delivering air 


to the computer room, should be flexible in 
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Types of Systems 

Whether you choose an overhead room air 
supply, an underfloor plenum supply, a combina- 
tion system, or a freestanding air conditioner, you 
should use an experienced air conditioning engi- 
neer or consulting firm before designing the 
conditioning system. These specialists can assess 
the requirements for your installation. Window 
air conditioning units are not recommended 
because they are designed mainly for summer, not 
year-round cooling. 


Electrical Power 

You must furnish and install primary power for 
the system in accordance with the system specifi- 
cations in Figure 8-7. It is also your responsibility 
to furnish and install the electrical equipment for 
the installation, including fittings, distribution 
panel, the raised floor device cutouts (if 
required), and transformer and voltage regulator 
(if required). Future expansion should always be 
considered, as provision for extra power facilities 
saves added installation costs later. 

Many of the problems associated with com- 
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puter operations originate in the primary ac 
power system. Disturbances such as electrical 
noise, power interruptions, and lightning must be 
factored into the plans for the power system for 
the user to have reasonable assurance that the 
computer system will perform satisfactorily and 
continue to operate. Close coordination with the 
electrical utility representative can lead to correc- 
tion of potential problems originating in the 
utility system supplying power to the building. 
Many of the services and disturbances that can 
seriously affect an operation, however, are gener- 
ated within the building itself. Your plant engi- 
neer, the electrical utility engineer, together must 
identify these disturbances and take steps to 
prevent possible adverse effects on the operation 
of the minisystem. 


Power Source 

The power source must have sufficient capacity 
to handle present computer loads and any loads 
likely to be imposed by future expansion of the 
system. The source must be independent of all 
other loads. That is, it must not provide power 
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NOTE: ABC Allowable power sources to PDUs 


C. Equipment Ground Bus Bar 
(Bonded to Panel) C 


Figure 8-7. Schematic Showing Wye-Connection, Voltage, and Receptacle Relationship For PDU 


for airconditioning equipment, convenience out- 
lets, lighting, or office equipment. A separate 
building service entrance (or a main building 
service panel) input feeder connected to the 
computer distribution panel usually provides suit- 
able power (see Figure 8-7). 


To obtain isolation, if needed, a separate 
transformer and service drop is required to 
provide power to the computer system. The 
transformer must be adequate to handle the 
present load plus any future expansion. Many 
large buildings have multiple power systems with 
numerous service entrances supplied from the 
same transformer. An isolation transformer must 
be used to reduce noise and transient interference 
if you intend to connect to the available power. 


The power that serves the system must meet 
the following requirements: 


e The line voltage should not have voltage 
transients greater than +6% or -14% from 


the nominal line to neutral of 120 volts. 
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e The line voltage should have total harmonic 
content of less than 6% of the power in the 
fundamental frequency. 
The line voltage must not have neutral 
grounded at any point in the entire power 
system supplying the computer except at 
the building service entrance or at isolation 
transformer when applicapable. 
The PDU power source must be 120/208 
volts, three-phase +10%-15% of the rated 
voltage, with a frequency tolerance of 60 Hz 
+1/2 Hz and with a harmonic content within 
acceptable limits. 
Ac Power Sources for Types CPS9450, CPS9460 
and CPS9461 Systems 

Each cabinet contains a power distribution unit 
(PDU) (see page 8-8) located at the bottom front 
of the cabinet when Central Processor (CP), 
Control Panel, Memory Save, and second Console 
ASR are figured in system complement. Each 
PDU requires its own connection to the primary 
power source (ac mains). A 6-foot power cable is 
attached to the rear of each PDU. 
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TABLE 8-5. RECEPTACLE SPECIFICATIONS 


Phase Receptacle Connector 
NEMA ._. by titi‘ 
Type Symbols Amps Volts and Mfg. Std Unit Plug No. OY r y 
Wires He Customer Customer 
A (A) 30. 600 395W Hubbell or 25415 25403 25414 
Arrow — Hart 
F (F) 15125. 13W Hubbell 5-15P  5266C 5262 5269 
NOTE 


The receptacle specifications are for your convenience. Refer to the manufacturer’s catalog for complete compatibility as to 
exact equivalent. Honeywell assumes no responsibility for differences between manufacturers’ receptacles. 


The system is arranged so that energizing the 
power switch on the central processor drawer 
causes all outlets throughout the system to be 
energized, provided that the circuit breaker on 
each PDU is “on.” 


NOTE: De-energizing the circuit breaker in 
any cabinet removes power in that 
cabinet and all subsequent cabinets. 


The permissible primary power to the Type 
CAB9003 system cabinet sources are as follows 
(permissible power sources for free-standing 
peripheral devices are described in Table 8-5.) 


Ac power requirements — either of the fol- 
lowing sources may be utilized: 


1. Input voltage could be from a 208 VAC 
RMS, 60 Hz, 2-phase, 3-wire, plus ground 
source with 24A at 208 VAC RMS. _ 

2. 230/240/250 VAC RMS center-tapped (neu- 
tral) 60 Hz, single-phase, 3-wire, plus ground 
source. In either case, the Hubbell 25414 or 
25403 (customer supplied) must be wired 
with the high lines connected to pins X and 
Y and the neutral center tap connected to 
pin W. 


Loading on the input lines will be from 
phase to neutral on two phases only. Maxi- 
mum load current per phase will be 24A; 
there is no internal provision or procedure 
for balancing the load. The unused phase is 
truncated at the input connector. The cabi- 
net containing the central processor requires 

a drop; the second cabinet (options) is slave 
to the central processor cabinet. If a third 
cabinet is required, another drop is used. 
The fourth cabinet, if required, is slaved to 
the third. All cabinets requiring drops 
receive a “primary power contactor pick” 
voltage from the central processor cabinet. 
The voltage shall be firm, varying by not more 
than +10% of the rated amount, including tran- 
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sient and steady state. Where power is not 
regulated this closely, you are advised to furnish 
and install a voltage regulator. 

Your Honeywell Marketing Representative or 
Field. Engineer will answer your questions, but for 
redesign or highly technical problems, you should 
contact your electrical contractor or consulting 
engineering firm. 


Power Distribution 


If the electric power for the PDU at the 
installation site is not of the required voltage, one 
or more transformers must be purchased and 
installed. A three-phase transformer or equivalent 
of identical rating and characteristics can be used. 
The capacity required depends upon the equip- 
ment complement and what is specified in the 
calculated installation specification. 

The total system requires a power load balance 
calculation only when single-phase devices are 
included in the equipment. It is your responsibil- 
ity to ensure that the phase loads are balanced 
(i.c., that the amperage is distributed evenly 
among the three phases of the system’s power 
source). Load balancing prevents a large load 
from occurring on one phase of the transformer. 

In a three-phase, wye-connected system witha 
grounded neutral, the phase imbalance currents 
flow in the neutral wire. This reduces the power 
system’s efficiency, increasing power consump- 
tion and operating costs. High neutral ground 
currents can also generate noise levels that may be 
reflected back into the computer system. To 
avoid these problems, attention must be given to 
balancing the computer load throughout the 
system. 

The feeder supplying power to the computer 
system should be protected by a mainline circuit 
breaker. The computer’s distribution power panel 
should be located in an unobstructed, well-lighted 
area in the computer room. 
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Convenience Outlets 

Auxiliary power, | 20-volt, single-phase, 60-Hz 
wall outlets must be present in the computer area 
for the service engineers scopes, test equipment 
etc., vacuum cleaner, floor buffer, etc. Recom- 
mended circuit capacities are 15-20 amperes; 
individual outlet capacities are 15 amperes. The 
number and location of these outlets should be 
indicated on your approved system layout draw- 
ing. All convenience outlets in the computer 
room should be on a feeder separate from the 
computer system to prevent electrical noise 
interference. 
Grounding 

When providing the female receptacle or con- 
nectors for three-phase and single-phase devices, 
furnish and install a separate ground wire. Con- 
duit, raceway, or other enclosures cannot be used 
for this purpose. For three-phase power, the fifth 
wire is to be used as the equipment ground; for 
single phase, the third wire. In both cases, the 
ground shall be connected to the metallic raceway 
system and/or the control panel, in accordance 
with the National Electrical Code (NFPA) No. 
70.1 The equipment ground shall not be con- 
nected to the neutral wire except at the building’s 
main electrical service entrance. The ground wire, 
when installed in armor, cable sheath, conduit 
raceway, ladder tray, or other enclosure, should 
be sized according to the amperage specified in 
Table 250-95 of the National Electrical Code.’ In 
no case shall it be smaller than number 12AWG. 


WARNING | 


A power distribution unit five-wire connection 
(four-wire wye plus equipment ground) is used in 
Honeywell systems; the neutral is readily avail- 
able. The neutral supplied is usually the white 
conductor in a multiconductor power cable. 


The ac neutral must not be confused with 
protective (equipment frame) ground. The protec- 
tive equipment ground — the green conductor ina 
multiconductor cable prevents the buildup of 
dangerous voltages on equipment as protection 
for personnel. It ensures that any short circuit 
between a power phase and the cabinet draws 
enough current to trip the circuit’s protective 
device immediately — rather than raising the 
potential of the equipment to a dangerous level. 
The ac neutral must never be connected to the 
frame of any equipment or to the protective 
ground. 


Interconnecting Cables 
Honeywell supplies and installs the necessary 
cables and raceway (if used) for the initial instal- 


‘National Fire Protection Association, 470 Atlantic Avenue, 
Boston, MA 02210 
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lation of the computer (with the exception of the 
ac cables). Since all cables are custom-made to 
specific lengths (see Table 8-6) it is essential that 
an approved system layout drawing be available 
at the proper time. 

Any revisions of approved system layout draw- 
ings are considered on an RPQ (Request for Price 
Quotation) basis because a second cable order 
must be prepared. 

Cables required for new, additional, or 
damaged equipment through the fault of Honey- 
well and within warranty period are supplied by 
Honeywell at no cost. 

If cables are requested in other than standard 
lengths, the new cable lengths and the reason for 
the change must be specified on a Request Price ~ 
Quote (RPQ) basis. 


Power Receptacles and Connectors 

You are required to install power receptacles 
and/or connectors in accordance with local elec- 
trical codes before delivery of the system. The 
locations and types of ac receptacles are given in 
Table 8-5 for each device. For quick reference in 
estimating a power load, the electrical specifica- 
tions for each device are included in the summary 
table at the beginning of the section. The power 
loads listed do not represent the duty cycle, nor 
have they been derated to indicate the duty cycle. 
To meet the NFPA 70 Electrical Code, the 
primary distribution must be sized by the name- 
plate rating specified on the device. 

The values shown for circuit breakers and wire 
sizes must also meet the NFPA 70 Code. Follow 
your local code if it requires larger sizes. The 
wires shown include the required “‘green wire” or 
safety ground conductor. 

For a summary of receptacle specifications, see 
Table 8-5. 

Figures 8-8 through 8-10 illustrate the ac-type 
male plugs that can be attached to the computer 
devices or to the power panel (depending on its 
location). The dimensions indicated for the con- 
nectors and receptacles are overall measurements 
and can be used in calculating subfloor clearances 
and clearances in walkways, cable channels, and 
raised floor cutouts. 


Device Specifications 

Models 6/34 and 6/36 consist of the following 
installation specifications for a system and are 
based on the individual device specifications in 
Table 8-6. If any devices or modules are added or 
deleted, the associated specifications should be 
revised by the customer, with copies sent to your 
Honeywell Marketing Representative. In this way, 
both the customer and Honeywell will have 
first-hand information for reworking total system 


requirements. 
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22.2 mm 
(0.875") 


Figure 8-8. Power Plug — Three-Phase, 30-Amp, 
Five-Wire, 600V 


NO. 25415 
SYMBOL (A) 
TYPEA 


Figure 8-9. Power Plug — Single-Phase, 15-Amp, 
Three-Wire, 125V 


NO. 5266C 
SYMBOL (F) 
TYPE F 
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TABLE 8-6. CENTRAL PROCESSING SYSTEM SPECIFICATIONS 


Cables (max. ) 


(in.) 


aes Power rar = 
Markering Description reese (ft.) 
ifi cm 
Identifier KVA | Amps = 


Cabinet 1: 


CPS9450]| Central Proc. 64K [See 2016 or 2343 52.0/76.2/156.2 15.2 
CPS9460}| Memory also (8,000) | (20.5/30/61.5) (50) 


CPS9461 includes CP cab- . 
inet fully loaded With control 
with power panel overhang: 
chassis and XXX/92.2)XXXX 
devices. (xxx/36.25/xxx) 
CAB9010 | Extension — Table 60.9/76.2/76.2 ~ 


Wing 
6/34 Control Panel 


(24/30/30) 


CPS9450 | (CP rackmountable) 
or 403 or 645 | 50.5/77.9/16.254 15.2 
CPF 9403 | (CP Tabletop (1,600) (19.9/30.7/6.4) (50) 
CAB9001) 
6/36 Control Panel 
CPS9460/ | (CPU rackmount- ; 
CPS9461 able) or 403 or 645 50.5/77.9/16.25% eye 
CPF9403 | (CPU Tabletop (1,600) (19.9/30.7/6.4) (50) 
CAB9001) 


TTU9101 | ASR-33 94 or 109 55.8/46.9/66 7.6 

Teleprinter (375) 22/18.5/26) (25) 

TTU9102 | KSR-33 94 or 109 55.8/46.9/66 sie0) 

Teleprinter (325) (22/18.5/26) (25) 

TWU9101] Keyboard 126 or 156 |{57.15/52.07/19.05 15.2 

Typewriter (500) (22.5/26.5/13.1) (50) 

: 252 or 292 20.3/60.9/33.0 15.2 

9 Pst rcheee acetate Sled Seid ele 

Veet ORECETY) (1,000) (18/24/13) (50) 
Allow 0.9m 


N/A 


/ 
within CRT 


Keyboard within CRT | 20.3/20.3/7.6 G3 ft) 
N/A (N/A Fis 
within CRT) eis) within CRT) Separation 


DIU9IOIL | Single Diskette d 
(rackmountable 85 or 100 32.07/68.3/18.5 6 
or tabletop unit) (340) (20.5/26.9/7.3) (20) 
DIU9102 | Dual Diskette ; d 
(rackmountable 171 or 199 52.07/68 .3/37- 126; 
or tabletop unit) (680) (20.5/26.9/14.6) (20) 
Memory Save and 
Autorestart 
PSS9001_ | (rackmountable) 44.7/59.9/8 gd 10.7 
or cnn E pe aria Becadad euek 
PSS9002 | (tabletop) (17.6/23.6/3.5) (35) 


CDU 9101] Cartridge Disk é aps 
through Units 290 or 337 48.2/76.2/24 3.3. 
CDU9104 (1,150) (19/30/8.75) (11) 
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Installation Specification for System 
Model 


Hi O n eywel j Central Processor Type 


Sheet 1 of__ 


— TYPICAL SYSTEM ELECTRICAL REQUIREMENTS — — 


GENERAL: 


A. 


B. 
Cc, 
D. 


Ac power and electrical ground source will be supplied by the customer based on the requirements listed in these 
specifications. 


The electrical power source should be independent and isolated from all other loads, where applicable. 
‘An allowance for expansion is recommended. (See Sheet 2 for specifications.) 


All wiring must be installed in accordance with the National Electrical Code and other local ordinances. Costs for 
installing and/or modifying will be borne by the customer. 


REQUIREMENTS: 


A. 


B. 


The customer will supply and install all ac receptacles indicated in the system layout and in Table 8-6 for individual unit 
specifications. 


Ac power requirements for Level 6 Systems central processor cabinet with power distribution unit (PDU) and expansion 
cabinets (add-ons). Any of the following sources may be utilized: 


1. Input voltage could be from a 208 VAC RMS, 60 Hz, two-phase, 3-wire, plus ground source with 24A at 208 VAC 
RMS, or 


. 230/240/250 VAC RMS center-tapped (neutral) 60 Hz, single-phased, 3-wire, plus ground source. In either case, the 
Hubbell 25414 or 25403 (customer supplied) must be wired with the high lines (“‘hot” wires) connected to pins X 
and Y and the neutral center tap connected to pin W. 


. Loading on the input lines will be from phase to neutral on two phases only. Maximum load current per phase will be 
24A; there is no internal provision or procedure for balancing the load. The unused phase when three phase is used, 
is truncated at the input to the RFI filter in the PDU. Cabinet containing central processor requires a drop; second 
cabinet (options) is slave to central processor cabinet. If third cabinet is required, another drop and PDU are used. 
Fourth cabinet, if required, is slaved to third. All cabinets requiring drops receive a “primary power contactor pick” 
voltage from central processor cabinet. No growth factor is required. 


. Listed below are the electrical specifications for the Level 6 System and devices: 


Central Processor Cabinet and ASR33 Teletypewriter 
Load — Load — 0.85 kVA 


Voltage — 120/208 +10% Voltage — 120 ene 
~ (4) 


Frequency — 60 Hz +1/2 Hz Frequency — 60 Hz +1/2 Hz 
Phase and number of wires as indicated. Phase and number of wires as indicated. 


NOTE: The equipment neutral wire must not be connected to building ground except at power source (transformer, or 
building service entrance). 


In the unusual cases in which the power company does not regulate its power within the above tolerances and/or your 
facility imposes heavy loads on their substations, you are advised to furnish and install a voltage regulator. 


Interconnecting cables between units shall be protected from mechanical injury. Product line raceways can be purchased 
through your Honeywell sales representative if raised flooring is not used. Raceway specifications are available from your 
Honeywell Sales Representative. The cost of supplying and installing raceway will be bome by the customer. 


Figure 8-13. Installation Specification Format (Sheet 1) 
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Model 


Hi oO mn eywel i Central Processor Type 


Sheet 2 of __ 


— TYPICAL SYSTEM ENVIRONMENTAL REQUIREMENTS — 


GENERAL: 


A. The heat dissipation figures listed on Sheet 2 for each unit do not include the heat gain from other sources: namely, 
lighting, people, building transmission, and fresh air loads. The total, however, allows for a 30% growth in equipment and 
should be considered when figuring the size of the air conditioning system. 


B. Check NFPA-75 for fire protection information. 


. Costs for installing and/or modifying air conditioning will be borne by the customer. 


REQUIREMENTS: 


A. Listed below are the environmental specifications. 


1. Cooling required for equipment only kcal/hr or watts ( Btu/hr or tons). 


2. Temperature measured at input air of minisystem units — 24°C +-8.4°C (75°F £15°F). 
Rate of change/hr — +-5.6°C (10°F /hr). (No condensation.) 


3. Relative humidity — 30 to 60% 


4. Filtration — Normal, unless environment is subjected to corrosive gases, salt air, or other unusual conditions, in which 
case special filtering will be required. If mechanical filters are used, their efficiency rating shall not be less than 20%. 


5. It is strongly recommended that any required air conditioning system be a separate system because year-round 
cooling is required. (Window-type air conditioning units are not recommended.) 


REFERENCES: 


For additional information and recommendations concerning the above subjects, as well as acoustical ceilings, fire control, 
cables, etc., contact your local Honeywell Sales Representative or Field Engineer. 


Figure 8-13 (cont). Installation Specification Format (Sheet 2) 
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INITIAL CONFIGURATION — (Metric Measurements) 


Heat Gain ‘ Dimensions ) 


Receptacles 
(keal/hr or W/D/H 


Marketing (amps/symbol/type) aatts\ 
tdentifier 


; | 


30% Growth Factor 
GRAND TOTAL i a a ee ee 


Figure 8-13 (cont). Installation Specification Format (Sheet 3) 
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INITIAL CONFIGURATION — (U.S. Measurements) 


. H 7 . 2 
geeky Receptacles Heat Gain ia 
Marketing (kVA) (amps/symbol/type) (Btu/hr) 
Qty. Identifier 
re 


_ 5 S| 
30% Growth Factor 


GRAND TOTAL = ae ae a 


Figure 8-13 (cont). Installation Specification F ormat (Sheet 4) 
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Figure 8-14, Floor Layout Grid 
Scale 


: 1:50mm (1/4 in.) 
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